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JOHN WAIHEE 
GOVERNOR OF HAWAII 
M• STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
COMMISSION ON WATER RESOURCE MANAGEMENT 
AO, 
RICH. 
GUY IC 
P. 0. BOX 621 
HONOLULU. HAWAII 96809 
MANABU TAGOML 
REF:WRM-BM 
Mr. William J. Teplow 
Field Manager 
DEC 4 1990 
Puna Geothermal Venture Construction 
P.O. Box 1337 
Hilo, Hawaii 96721-1337 
Dear Mr- Teplow: 
Thank you for your letter of November 7, 1990 advising the Department of 
Land and Natural Resources of proposed changes to your Plan of Operations for 
the Puna Geothermal Venture Project_ 
The Department, in reviewing your proposed amendments, has no objections 
to the revised drilling sequence or to the renumbering of the planned wells, and 
hereby approves your amended Plan of Operations. 
Should you have any questions, please contact Manabu Tagomori, Deputy 
Director, at 548-7533. 
WILLIAM W. PA 
DEPUTY 
PI;~ . r... • ') r; ! .• ,. 4 
. '. ,· . ,·_; 
" ~ L... ..... 
November 11, 1990 
Mr. Dean Nakano 
Department of Land and Natural Resources 
P.O. Box 621 
Honolulu, HI 96809 
Re: Injection well permitting. 
Dear Mr. Nakano: 
1 
This letter shall serve to confirm the following points 
regarding injection well permitting for the Puna Geothermal Venture 
(PGV) that you made to me in our phone conversation of November 16, 
1990. The purpose of my inquiry to you was to clarify permitting 
procedures for the injection wells proposed for the project. The 
clarifications which you provided are as follows: 
1. The Department of Land and Natural Resources (DLNR) is 
not involved in the permitting for injections wells that 
are designed and drilled exclusively for injection. The 
only permit required for drilling of an injection is that 
issued by the Department of Health (DOH) as part of the 
Underground Injection Control (UIC) permitting process. 
2. In the event that existing wells or wells drilled for 
production or exploration purposes are to be converted 
into injection wells, then a DLNR permit will be required 
in addition to the UIC permit from DOH. 
3. PGV shall notify DLNR prior to commencement of injection 
well drilling. 
As per your request, I am enclosing the drilling program for 
KS-7, which is the first injection well to be drilled. 
Thank you for your assistance in this matter. 
Sincerely, 
PUNA GEOTHERMAL VENTURE 
//,¢~ ~ tw"fii~~m J. Teplow 
Field Manager 
cc: N. Clark 
C. Iha 
PUNA ~THERMAL VENTURE CONSTRUCTION 
P.O. Box 1337 • Hila, Hawaii 96721-1337 • Telephone (808) 961-2786 • Facsimile (808) 935-5562 
JOHN WAIHEE 
GOVERNOR OF HAWAII 
STATE OF HAWAII 
O~PARTMENT OF L-AND AND NATURAL RESOURCES 
COMMISSION ON WATER RESOURCE MANAGEMENT 
REF:WRM-LN 
P. 0. BOX 621 
HONOLULU, HAWAII 9£S09 
NOV -1 1990 
Mr. William F. Teplow 
Field Manager 
Puna Geothermal Venture Construction 
P.O. Box 1337 
Hila, HI 96721-1337 
Dear Mr. Teplow: 
Extension for PGV Well 2883-07 
Wll..\.ll"•' ..... .,,.,,, 
JOl-IN C. \.FW1N., M.O. 
MICHAEL J. (";HUN, l;>h.O 
ROBEtH $. NA"!(.A.1 A. 
RICHARO H. COli. 
GU'f K. fUJIMURA 
OEPUTY 
We acknowledge receipt of your letter requesting a six-month 
extension of the start -of-construction date for the subject well. 
By this letter, your request is approved to extend the start-date from 
October 2, 1990 to April 2, 1991. All other conditions of the permit remain 
in effect. 
Very truly yours, 
WILLIAM W. PATY 
~ ... - - "' 
November 7, 1990 
Mr. Manuba Tagomori 
Deputy Director 
""' 'J' 
Department of Land and Natural Resources 
P.O. Box 621 
Honolulu, HI 96809 
Re: Proposed changes to Plan of Operation, Puna Geothermal Venture, 
and notification of bottom hole location. 
Dear Mr. Tagomori: 
Pursuant to your letter of October 25, 1990, Puna Geothermal 
Venture (PGV) is hereby respectfully submitting for approval from 
your office changes in the sequence of production and injection 
well drilling as proposed in the Plan of Operation. These changes 
are summarized in Table 1 below. In addition we have made changes 
in the designation of the wells. These changes are also shown in 
Table 1. The attached map shows the location and new well names 
for the wells proposed in the Plan of Operation. Well pad 
locations, designations, and the number of wells to be drilled 
remain unchanged from those proposed in the Plan of Operation. 
DRILLING SEQUENCE 
The revised well drilling sequence and well designations are 
shown in the following table: 
PUNA GEOTHERMAL VENTURE CONSTRUCTION 
P 0. Box 1337 • Hila, Hawaii 96721-1337 • Telephone (808) 961-2786 • Facsimile (808) 935-5562 
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TABLE 1 
II DRILLING NEW WELL PREVIOUS WELL PAD WELL TYPE ~ 
II SEQUENCE NUMBER WELL NO. II 
II 
P of 0,3/89 ~ 1 KS-3 E-1 E PRODUCTION 
I 2 KS-7 F-1 F INJECTION 
3 KS-lA A-2 A PRODUCTION 
REWORK REWORK 
4 KS-4 E-2 E PRODUCTION 
5 KS-5 E-3 E PRODUCTION 
6 KS-6 E-4 E PRODUCTION 
7 KS-9 A-3 A PRODUCTION 
8 KS-10 A-4 A PRODCUTION 
9 KS-11 A-5 A PRODUCTION 
10 KS-8 F-2 F INJECTION 
11 KS-12 B-2 B I PRODUCTION ~ 
PRODUCTION 12 KS-13 B-3 B 
The above drilling sequence has been revised in order to 
advance to the earliest possible date the placement in service of 
the first increments of power plant capacity. This is 
accomplished by drilling the injection well KS-7 immediately 
after completion of the first production well, KS-3. 
3 
BOTTOM HOLE LOCATION 
The proposed bottom hole location for KS-3, the first 
production well to be drilled, is as follows: 
Horizontal deviation: 830 feet. 
Bearing: N 21° E. 
True vertical depth: 7400 feet from surface. 
The proposed bottom hole location for KS-7, the first 
injection well to be drilled, is as follows: 
Horizontal deviation: 647 feet. 
Bearing: S 37° E. 
True vertical depth: 5000 feet from surface. 
A plan view of the well courses is shown in Figure 1 attached. 
If you have any questions or comments regarding the above 
request for changes in the Plan of Operation, please give me a 
call. 
Sincerely, 
PUNA GEOTHERMAL VENTURE 
tV~ft--J~~ 
William J. Teplow 
Field Manager 
cc: N. Clark 
M. Richard 
T. Crowson 
attachment: Figure 1 
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STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
REF:WRM-MH 
Mr. Thomas E. Luebben, Esq. 
809 Copper, NW, Suite 200 
Albuquerque, New Mexico 87102 
Dear Mr. Luebben: 
f>. 0. BOX 621 
HONOLULU. HAWAII 96809 
NOV -2 1990 
t':'":'TII W. f,\.I1. 1E 
MANABU T AGOMORl 
RUSSELL N. FUKUMOTO 
AQUACULTURE DEVELOPMENT 
PROGRAM 
ADUA II(: F\E5UURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
This is in response to your May 11 and July 10, 1990 inquiries as to whether PGV 
or the State must prepare an environmental assessment under HRS, Chapter 343 regarding 
Condition No. 51 of the Hawaii County Geothermal Resource Permit 
(GRP 87-1) issued to Puna Geothermal Venture. 
The Department of the Attorney General has reviewed the legal issues raised in 
your letters and has advised our department that: 
1) The situations described in HRS, Section 343-5(a) (2) through (a) (8) do 
not apply to the Puna Geothermal Venture permit; and 
2) Neither PGV nor the State "proposes" any "action" for the use of state or 
county funds within the meaning of Sections 343-2 or 343-5(a) (1), 
therefore, neither PGV nor the State must prepare an environmental 
assessment under HRS 343-5(a)(l). 
In summary, neither Puna Geothermal Venture nor the State of Hawaii is required 
to produce an environmental assessment under Chapter 343, HRS, relative to the 
Geothermal Asset Fund established in Condition No. 51 of Geothermal Resource Permit 
GRP 87-1. 
Mr. Thomas E. Luebben, Esq. 
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Should you have any questions, please contact Mr. Manabu Tagomori, Deputy 
Director, at (808) 548-7533. 
Very truly yours, 
WILLIAM W. PATY 
.................... -.-..~u•-•~~ ..~. ~~ .... ~~ ............................ ~~~ 
JOHN WAIHEE WILLIAM W. PATY, CHAIRPERSON 
GOVERNOR OF HAWAII fiOARO OF LAND AND NATUR.-l RESOURCES 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
REF:WRM-MH 
Mr. Norman J. Clark 
Project Manager 
P. 0. BOX 621 
HONOLULU, HAWAII 96809 
OCT 2 5 1990 
Puna Geothermal Venture Construction 
P.O. Box 1337 
Hilo, Hawaii 9672._1-1337 
Dear Mr. Clark: 
DEPUTIES 
1\EJTII W. 1\HUE 
MANABU TAGOMORI 
RUSSEll N. FUKUMOTO 
AQUACULTURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION "NO 
ENVIRONMENTAL "FFAIRS 
CONSERV ... TION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY "NO WILDLIFE 
LAND MANAGEMENT 
STATE PARI':S 
WATER AND LAND DEVELOPMENT 
The Department of Land and Natural Resources has received your construction 
plans for the Puna Geothermal Venture 25 MW Power Plant Project. We have reviewed 
the drawings and have no objections to your proposed plans. 
We would appreciate your keeping us informed of any proposed revisions to your 
construction plans. Also, please be advised that if you contemplate any amendments to 
your Plan of Operations (approved by the Board of Land and Natural Resources on 
3/10/89), the Chairperson's approval must be obtained in writing prior to the execution of 
any such changes. 
Should you have any questions, please contact Manabu Tagomori, Deputy Director, 
at 548-7533. 
PlannH{gLb~~~~tment 
25 Aupunl Street, Rm. 109 • Hilo, Hawaii 96720 • (808) 961·8288 
SO 'IOV ~ P I : ~ I 1 1 (~ 
LI'BRY S. TANI''IJ'ID 
Mayor 
'j 
Duane Kanuha 
Director 
William L. Moore 
Deputy Director 
•) ' 
November 1, 1990 
Mr. William W. Paty, Chairperson 
Board of Land & Natural Resources 
P. 0. Box 621 
Honolulu, HI 96809 
Dear M~-
Thanks for your letter of clarification dated October 19, 1990. 
We stand corrected in our acknowledgment of September 27, 1990; 
the proper statement should have been: 
• •.. net revenues derived from the resources generated by by 
HGP-A well, or a similar amount from other State funding sources 
••. " (emphasiS added) 
Our apologies for this typo. We are clearly aware that the 
state's contribution was never intended to be the source of HGP-A 
revenues and other State funding sources. 
DK:aeb 
cc: Planning Commission 
Sincerely, 
UANE KANUHA 
Planning Director 
,. 
JOHN WAIHEE 
GOVERNOR OF HAWAII 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
REF:WRM-MH 
Mr. Duane Kanuha, Director 
Planning Department 
County of Hawaii , 
25 Aupuni Street, Room 109 
Hilo, Hawaii 96720 
Dear Mr. K~~ 
P. 0. BOX 621 
HONOLULU. HAWAII 96809 
OCT I 9 1990 
WILLIAM W. PATY, CHAIRPERSON 
BOARD OF lAND AND NII.TURAl RESOURCES 
DEPUTIES 
KEITH W. AHU'O 
MANABU TAGOMORI 
RUSSELL N. FUKUMOTO 
AQUACULTURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLifE 
LAND MIINAGEMENT 
STATE I"'ARKS 
WATER AND lAND DEVELOPMENT 
Thank you for your letter of September 27, 1990 acknowledging the receipt of our 
check for $250,000, submitted in compliance with Condition No. 51 of the Geothermal 
Resource Permit issued to Puna Geothermal Venture. 
In your letter, reference was made to Condition No. 51, which we quote as follows: 
"The State's initial annual contribution to the Geothermal Asset Fund shall be the 
net revenues derived from the resources generated by the HGP-A Well, and a 
similar amount from other State funding sources less any allocation entitled to the 
Office of Hawaiian Affairs and operations and maintenance costs." (emphasis 
added) 
However, if you will review page 20, item 51 of your GRP-87-1, you will fmd that 
the use of the word and is incorrect and section referenced in your letter should more 
properly have read as follows: 
" .... net revenues derived from the resources generated by the HGP-A well, or a 
similar amount from other State funding sources .... " (emphasis added) 
. .. 
Mr. Duane Kanuha 
Page 2 
While the use of the word "and" may have been a typographical error, it should be 
made very clear that the State's contribution shall be based on either net revenues from 
HGP-A or other appropriate State funding sources less any allocations, and not the sum 
total of both, as inferred in your letter. 
Should you have any questions concerning the above, please do not hesitate to call 
me. 
25 Aupuni Street, Rm. 109 • Hilo, Hawaii 96720 • (808) 961·8288 
Mr. William w. Paty, Director 
Dept. of Land & Natural Resources 
P. o. Box 621 
Honolulu, H~ 96809 
Dear~ 
., 
.. ,, 
; ' 
! ... :. L .. 
. , 
LARRY S. TANIMOTO 
Mayor 
Duane Kanuha 
Director 
William L. Moore 
Deputy Director 
,, 
'" 
. '' 
This is to acknowledge receipt of the check for $250,000 towards 
a Geothermal Asset Fund for the purpose of geothermal impact 
mitigation efforts within the Puna District. 
This payment fulfills the State's obligation for its initial 
annual contribution towards the Geothermal Asset Fund in accordance 
with Condition No. 51 of Geothermal Resource Permit No. 2. 
For your information, Condition 51 states in part that: 
The State's initial annual contribution to the Geothermal 
Asset Fund shall be the net revenues derived from the 
resources generated by the HGP-A Well, and a similar amount 
from other State funding sources less any allocation 
entitled to the Office of Hawaiian Affairs and operations 
and maintenance costs. (emphasis added) 
Please feel free to call me if you have any questions on the 
above. 
WLM:aeb 
cc: Planning Commission 
Sincerely, 
DUANE K NUHA 
Planning Director 
17'>'1 
JOHN WAIHEE 
GOV£RNcift OF "AWAII 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL ·RESOURCES 
REF:WRM-Ml:l 
Mr. Duane Kanuha 
Director 
Planning Department 
County of Hawaii 
·25 Aupuni Street 
Hilo, Hawaii 96720 
;Dear Mr. ~~--" 
P. 0. BOX 621 
HONOLULU, HAWAII 96~09 
WILLIAM W. PATY, CHAIRPERSON 
BOARD OF LAND AND NATURAL RESOURCES 
DEPUTIES 
KEITH W. AHUE 
MANABU TAGOMORI 
RUSSEll N. FUKUMOTO 
AQUACUL lURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
ENVIRONMEN-TAL AFFAIRS 
CONSERVATION AND 
RESOURCES, :ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEW:NT 
STAte PARKS 
WATER AND LAND_ DEVEtOPMENT 
Enclosed is a check for $250,000 to fulfill ~e State's obligation 
relative to Condition 51 of the Geothermal Resource Permit (GRP 87-1) 
issued to Puna Geothermal Venture. 
My understanding is that with the $250,000 authorized by the 
Legislative being deposited in Hawaii County's asset fund account condition 
51 has been met. 
Encl. 
;~-.-, 
;-- .. ·;; ' .. ,.\> ,•: .. ,·E=·.·,_·'.:-·"''0' .RM' AT® 
.. \·I' .. , i. ;_ ). . - ~ L I 
' \,' ~~ 
' ~ ·.· · .. ' '(1 'i)~ ~';\ ' 
~~y l~ :> so SEP28 Pl2: IO 
September 14, 1990 
Department of Land and Natural Resources 
Division of Land Management 
P.O. Box 621 
Honolulu HI 96709 
Dear Sir/Hadam: 
This notification is to inform you 
Emergency Response Plan by the Hawaii 
Agency. A copy of that plan is available 
of the following locations: 
of the approval of the 
County Civil Defense 
for your review at each 
Department of Business, Economic Development, 
and Tourism 
Energy Extension Office 
99 Aupuni Street 
Room t214 
Hilo, HI 96720 
Hawaii County Planning Department 
25 Aupuni Street 
Hilo, HI 96720 
Hawaii County Civil Defense Agency 
820 Ululani Street 
Hilo, HI 96720 
Also, be advised that drilling activities for well KS-4 
shall commence on September 28, 1990. 
Respectfully, 
~rr~ Norman J. Clark 
Project Manager 
NJC/sdb 
PUNA GEOTHERMAL VENTURE CONSTRUCTION 
P.O. Box 1337 Hilo, Hawaii96721-1337 
99 Aupuni Gbeet 1111" • llilo, llawaii !l6n6 • Telephone (808) 961-2786 • Facsimile (808) 935-5562 
SO:;£[' IB P2: 59 
ORMAt,·o. 
90SEI'Z:i Pj: 36 
William Paty 
Chairman 
Board of Land & Natural Resources 
Kalanimoku Bldg. #130 
1151 Punchbowl Street 
Honolulu, HI 96813 
Subject: Puna Geothermal Venture 
Extension for Well No. 2883-07 
Dear Mr. Paty, 
Puna Geothermal Venture respectfully requests a six month 
extension to construct Observation Well No. 2883-07. The permit 
for the well was approved by the Commission on Water Resource 
Management on April 2, 1990 and the six month commencement period 
will close on October 2, 1990. We have been unable to proceed 
with construction because of delays with the project's permitting 
process, most notably the signing of the Emergency Response Plan 
by the Civil Defense Director. The grubbing permit required for 
drill pad preparation was issued on September 7, 1990. It does 
not appear that we will be able to complete site preparation and 
mobilize the drill rig before the October 2nd deadline. We are 
therefore requesting a six month extension of the above 
referenced permit. 
Should you have any questions or require any additional 
information, please contact me at our Hila office at 961-2786. 
Thank you for your consideration in this matter. 
WT/sdb 
Sincerely, 
/(/""71£?{0~ 
William F. Teplow 
Field Manager 
PUNA GEOTHERMAL VENTURE CONSTRUCTION 
P.O. Box 1337 Hi1o, Hawaii 96721-1337 
c.. . ~-
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lliNO LtVLLOfMENT 
September 13, 1990 
State of Hawaii 
Department of Land & Natural Resources 
P.O. Box 621 
Honolulu, HI 96709 
Attn: Hr. William Paty, Chairman 
Re: Geothermal Resources Mining Lease No. R-2 
Puna Geothermal Venture 
Dear Sir, 
Attached herein and as detailed by the attachments, you will 
find the current set of plans as submitted to Hawaii County in 
regard to our project plan approval. These drawings are issued in 
an information only format and if revisions occur, we will forward 
these to your office. 
If you have any questions or problems, please do not hesitate 
to contact me. 
NJC/sdb 
Attachments 
cc: MAR 
Respectfully, 
1:::::-trP~ 
Project Manager / 
PUNA GEOTHERMAL VENTURE CONSTRUCTION 
99 Aupuni Street 11114 • Hila, Hawaii 96720 • Telephone (BOB) 961-27B6 • Facsimile (BOB) 935-5562 
• 
. 
• 
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JOHN WAIHEE 
GOVERNOR OF HAWAII 
JOHN C. LEWIN, M.D. 
. ~~ l ! " ' 
.; v .) L I. 
STATE QF,HAWAII 
P. 0. BOX 3378 
HONOLULU, _HAWAII V6801 
__ ,;' 
June 8, 1990 
Major General Alexis T. Lum 
Office of the Adjutant General and 
Director of Civil Defense 
Department of Defense 
3949 Diamond Head Road 
Honolulu, Hawaii 96816 
Dear Major General Lum: 
DIRECTOR OF HEALTH 
reply, please refer to: 
File: 
The attached letter to the Big-Island Civil Defense 
Coordinator is written to offer assistance in developing logical 
and appropriate plans for emergency response with respect to 
geothermal development on the Big-Island. 
We hope these comments will be helpful in responding to the 
plans in this regard in a timely manner. 
Please don't hesitate to contact my office if the Department 
can further assist in this matter. 
C. LEWIN, M.D. 
Director of Health 
c: Governor John Waihee 
Sus Ono 
be: Dr. Joshua Agsalud 
Charles Freedman 
Yhe Honorable Roger Ulveling 
~The Honorable William W. Paty 
Dr. Bruce Anderson 
Mark Ingoglia 
JOHN WAIHEE 
GOVt AHO~ 0' H.l••u 
Mr. Harry Kim, Chairman 
STATE OF HAWAII 
DEPARTMENT OF HEALTH 
P. 0. BOX 3371 
HONOLULU. HAWAU 96&01 
7 June 1990 
Hawaii Local Emergency Planning Committee 
34-A Rainbow Drive 
Hilo, Hawaii 96720 
Subject: Review of the Puna Geothermal Venture 25 
M:W Power Project Emergency Response Plan 
Dear Mr. Kim: 
JOHN C. LEWIN, 111.0. 
OllilfCTO~ OF ......._lM 
HHA OFFICE 
Thank you for the opportunity to review the Puna Geothermal Venture 25 
MW Power Project Emergency Response Plan. The plan includes a reasonable 
review of the potential hazards that maybe posed by the project. The following 
comments and recommendations are offered to improve and enhance the 
document. If these comments and recommendations are fully implemented on a 
consistent basis while the facility is constructed and operated, public and private 
interests should be prepared for the emergencies that may arise or affect the 
proposed development. 
Notification 
The 24 hour notification number for the Department of Health Clean Air 
Branch for emergency response is 247-2191, and should be included in Table 2-1, 
page 8. Department of Land and Natural Resources should replace Lands and 
Natural Resources. The National Response Center in Washington D.C., phone 
number (800) 424-8802, should be included for a federal response. Due to mining 
exemptions we are unclear ifisopentane releases are required to be reported 
under the federal Superfund law. This should be determined by the applicant and 
reportable quantities listed at appropriate locations in the plan. If regulated, 
follow-up written release reporting under Section 304 of Title III is required. If 
the mining exemption does apply, we recommend requiring notification of 
releases similar to the federal Superfund in the plan. 
Mr. Harry Kim 
April 7, 1990 
Page 2 
Emer~ency and Nuisance Situations 
Under Section 3.1 Emergency conditions, page 11, you have proposed that an 
emergency condition exists when H28 levels reach 20 parts per million (ppm) at 
the property boundary, however this action level is inconsistent with the levels the 
state is proposing. 
The Department of Health has proposed action levels for H2S including 
"alert"," warning", and "emergency" levels. The rationale for the establishment 
of these action levels and actions called for is as follows: 
1. The Alert level is that concentration of CH2S) at which short-term 
health effects can be expected to occur. 
Recommendation: 0.10 ppm (100 parts per billion) HzS (over a one-hour 
averaging period). 
Rational: In light of the available literature, a maximum ambient 
standard ofH2S of0.10 ppm is safe from a toxic effect standpoint. It 
follows that dcieterious physiologic health effects may begin to occur at 
levels above 0.10 ppm among those most susceptible. This number was 
based on the lowest level well-documented to be associated with human 
eye irritation, a short -term effect, with a one hundred-fold safety factor 
included. 
2. The warning level indicates that air quality is continuing to deteriorate 
and that additional abatement actions are necessary. 
Recommendation: 1.00 ppm H2S (over a one-hour averaging period). 
Rational: This level is between that at which short-term health effects can 
be expected to occur (0.10 ppm HzS) and that at which a substantial 
endangerment to human health can be expected (10.0 ppm HzS). 
3. The Emergency level is that level at which a substantial endangerment 
to human health can be expected. 
Recommendation: 10.0 ppm H2S (over a one-hour averaging period). 
Rational: Eye irritation and decreased corneal reflex have been well 
documented to be associated with levels of exposure above 10.0 ppm H2S. 
Lung damage may also be occurring at this level but is difficult to detect. 
Mr. Harry Kim 
April 7, 1990 
Page 3 
The U.S. National Institute for Occupational Safety and Health maintains 
an allowable ceiling concentration of 10.0 ppm for 10-minutes is safe. It may be 
inferred from this that any exposure above 10.0 ppm is unsafe. Immediate 
evacuation of a facility is required if the concentration of HzS at any time exceeds 
47 ppm O.S.H.A. 
The American Conference of Governmental Industrial Hygienists also 
recommends the "Threshold Limit Value" to be 10 ppm HzS. This is the 
concentration ofHzS to which it is believed nearly all humans may be exposed in 
the working environment day after day (over an 8-hour exposure period) without 
adverse health effects. Those who are hypersensitive to HzS, including the aged, 
infants, individuals with predisposing eye and respiratory problems, and those 
who are anemic, may be adversely affected at lower levels. 
Thus, in reviewing the literature, it may be concluded that levels of 
exposure above 10.0 ppm pose a substantial endangerment to human health. 
The plan should discuss fully the use of these levels and integrate them into the 
planning and response mechanism of the plan. 
Response Facilities 
All response and safety facilities, as well as general grading in the area 
should be constructed to ensure that they will not serve to capture HzS in a 
depression and thereby cause a hazard. Table 4-1 indicates that there are 12 "air 
packs". The type of self contained breathing apparatus and their air capacity 
should be included. Air monitoring devices should also be listed. Portable real 
time monitors should be available along with the "air packs" and should be 
described. 
PGV Personnel Trainin~ and Emer~ency Drill 
As cited on page 27, OSHA training will be provided. This should be 
described, and if possible a draft training plan should be attached to the 
emergency response plan as an appendix or addendum. A description of a 
"general drill" should be included to provide insight into what such an exercise 
will provide and it's value. 
Uncontrolled Steam Releases from the Reservoir 
A worst case well blow out has been modeled, " ... under any weather 
conditions typical of the site vicinity." This term should be defined and related 
to planning for "untypical" weather conditions; a reasonable "worst case 
scenario" should be included in the risk analysis and should include, but not be 
limited to methods described in the following guidance: 
Mr. Harry Kim 
April 7, 1990 
Page 4 
U.S. Environmental Protection Agency, Federal Emergency Management 
Agency, U.S. Department of Transportation (1987) Technical Guidance for 
Hazards Analysis: Emergency Planning for Extremely Hazardous 
Substances. 
Federal Emergency Management Agency, U.S. Department of 
Transportation, U.S. Environmental Protection Agency (1987) Handbook of 
Chemical Hazard Analysis Procedures. 
It is reco=ended that upon the occurrence of an uncontrolled 
release, the Hawaii Civil Defense Agency and the Department of Health should 
be notified i=ediately and periodically updated. Other reporting requirements 
are specified in the permits issued by the Department of Health. 
We look forward to continued cooperation to improve Hawaii's 
capability to respond to chemical emergencies. If you have any questions 
regarding this review, please contact Bruce Anderson, Ph.D., Deputy Director 
for Environmental Health at 548-4139. 
..-~¥11._ LEWIN: M.D~. Chrurman, 
Hawaii State Emergency Response 
Co=ission and Director of Health 
cc: Samuel Ruben, M.D., District Health Administrative Officer 
Hawaii District Health Office. 
May 17, 1990 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
101 Aupuni Street, Suite 1 014-B 
Hila, Hawaii 96720 · 
Dear Mr. Richard: 
- " ' . 
Subject: Authority to Construct (ATC) No. A-833-795 
Fourteen (14) Geothermal Exploratory/Developmental Wells 
90-A236 
File #833 
The Department of Health acknowledges receipt and has completed its review of your written 
notification, including the location drawing and information on the previously constructed wells. The 
Department hereby approves the notification of the proposed site for the construction of the first 
geothermal well. 
It should be noted that in accordance with the Special Conditions of ATC No. A-833-795, the 
construction of any geothermal well is not authorized, until such time the air quality and 
meteorological monitoring stations are fully operational. Please inform the Department in writing 
upon initiating operations of the monitoring stations. 
If you have any questions, please call Mr. Nolan Hirai of the Clean Air Branch at 543-8200. 
NH/sk 
Sincerely, 
A'~-i . .:t.... .... L~ ... ~ 
BRUCE S. ANDERSON, Ph.D. 
Deputy Director for 
Environmental Health 
cc: DHSA, Hawaii 
Rodney Nakano, Hawaii County Planning Department 
. . ~ 
Manabu Tagomori, Department of Land & Natural Resources 
Apr H ?.~. 1990 
r·lr. Duane K anuha 
Planning Director 
County of Hawaii 
Planning Dr-pdrt_tnPnt 
~5 Aupuni Stn.•€t, Rm. 100. 
Iillo, Hawuil 96720 
;:,e<.o.r f>lr. Kanuha: 
SUB .... TECT! County of Ha¥;ajj, Geothermal Resources Permjt He ... 2 
Puna Geothermal Venture 
Kapoho, Puna, Hawaii 
Thank you for yout· letter of !·larch 23, 1991) '4h!(·h .-n~Jose·l •t:c' 3n:-t•"·O·~l:cl:nl 
report. for Condition 30 of this permit (Keune-dy l.-:)90. Ard.ld'..:'\.-..],)rJicr.tl walk-·rhrnugh 
Reconnaissance Survey for the Fro}:losed Puna Geothermal Venture Prc,ject Sit~. 
Archneological consultants of na~;aii.). 
We agree with the report's findings that no histor.lc sHe~ are present on the 
surface of the project area. This finding had been established in c· ;or·''·'·' :as 
historic preservation review for the project. 
GivP.n the recent fi.ndinqs related to th~ Tr•J(!o/""1~-·f'a..:-1f1.-:- 8f"ctheil:.::.l •t'·~·c. ··· 
findings of sub!=.iurfn.ce Java caves tr.'~th h1:-:-:t"J.":"ic r~TJain~ 1-1 ... h':.'·i:l - ·.;e ht·: i.(~·He that 
it would be useful foe this possible presence of such caves to be condderect in the 
archaeolog:lral survey of this project. This could he don!' ln two ;;ay5. One, the 
archaeological consultant could evaluate the possiblity of <:-aves bein~ present 
through inforrnat ion obtained on lava terrain present, information fr.1m geologists, 
and in format ion frc<11 lox<' l residents on known caves that n; <;r' pass un•ler ,.,,,, 
project. Then, if C"'VP.S ar<' t111Jikely to be present, this <"oncern is !'liminated. 
Tf caves Wf<r~ JJk.f"l'[ tn b'=' present, then planning to de.:tl ~-~ th :~1.1-;.'-, ·1 •::i t.~Ja~ i.o:a 
could toe done. T\. .. "'o, an archaeologist could bP kept on call .in cas A a tube cave waB 
encountere-d, and then could check any di.scovert">d cave<=;. for cul ... ,_ ..... ~,1 ! ~J,~i'in!-· •:m0 "if 
such remains ~;rere present could then consult with your df'Fctr 1.mt>nt a.nr1 our offic::-e 
for mitigat.j0n E'~aS'.lte:: 1 if r.eedt"'d. Th-7" first appro:::~ch ;,..:nul<~ h""· Lest. sine~ lt 
would oht.=dn an evall~?.tion r-ricr t.c· ~;;ui•surface drilli11iJ w<:,rk. 
! .. ar.cerel.y, 
Ill DON HIBBARD 
DOl·J HIBBARD, f.)j I'.f-Ct nr 
111storlc Fre:·~t':'rV.:=t! ic·n Pr ... "'\~lri?1ro; 
RC:al 4/24/90 APR 2 4 1990 
.... 
---- -
TO: 
FROM: 
DATE: 
Civil Defense Agency 
J4-A JW:abow Dt:ift • IIlli>, a..wau !1672D • (soa) ns:-oo.n • Ju (sos) '~" 
: 
,. 
Duane Kanuha. Planning Director 
...... •· r.7 
. ' 
. ·-
Harry Kim, Civil Defense. Administrator ~~ 
April 20,. 1990 
Larry S. 'Ia.ni.!Doto 
..,..,... 
doc04780 
SUBJECT: Emergency Response Plan--Puna Geothermal Venture 
I have continued to work with Puna Geothermal Venture's staff to 
complete an acceptable Emergency Response Plan for their planned 
Geothermal Project at Kapoho. We are presently trying to resolve 
some details, however, the Civil Defense Agency's involvement at the 
Kalapana lava front has made coordinating our efforts more difficult. 
It is my understanding that in accordance with Condition No. 26 of 
the Planning Commission's Geothermal Resource Permit, a final plan 
of action to deal with emergency situations must be approved prior 
to commencing any activity approved under this permit. It is my 
understanding that environmental monitoring equipment including the 
meteorological.tower, the air quality and noise monitoring stations 
have not been installed and ~heir installation has been delayed 
pending approval of the Emergency Response Plan. 
It is also my understanding that this. Emergency Response Plan ia 
intended to be a living document subject to revisions and 
clarifications as needed and to provide a working document 
appropriate to respond to future natural or man-made emergencies. 
In view of this, the installation of environmental monitoring 
equipment should be allowed to proceed without further delays caused 
by this office. Any other activity must await approval of the 
Emergency Response Plan which will be reviewed as soon as possible. 
dy 
JOHN WAIHEE 
GOVERNOR OF HAWAII 
April 18, 1990 
STATE OF HAWAII 
DEPARTMENT OF HEALTH 
P. 0. BOX 3378 
HONOLULU, HAWAII 96801 
JOHN C. LEWIN, M.D. 
DIRECTOR OF HEALTH 
'' 
In; ir;ply, Please refer to: 
EMD-CAB 
90-A165 
File Nos. 833 and 834 
Mr. Manabu Tagomori 
Water & Land Development Division 
Department of Land & Natural Resources 
1151 Punchbowl Street, Room 227 
Honolulu, HI 96813 
Dear Mr. Tagomori: 
Subject: Modification to Authority to Construct Permits 
Regulating the Emissions of Air Pollutants 
Puna Geothermal Venture 
25 MW Geothermal Power Plant and Wellfield 
On March 16, 1990, the Department of Health modified the Authority to Construct air permits, Nos. 
A-833-795 and A-834-796, which were issued to Puna Geothermal Venture on February 6, 1990 for 
the fourteen (14) geothermal wells and the 25 MW geothermal power plant. The special conditions 
to the corresponding air permits were modified for clarification purposes and to minimize any 
misinterpretations. 
For your information, a copy of the modifications to the air permits is enclosed. 
Your continued interest is welcomed and appreciated. 
WN/sk 
Enclosures 
cc: DHSA, Hawaii 
Sincerely, 
BRUCE S. ANDERSON, Ph.D. 
Deputy Director for 
Environmental Health 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
1 01 Aupuni Street, Suite 1 014-8 
Hilo, Hawaii 96720 
Dear Mr. Richard: 
March 16, 1990 
Subject: Modification to Authority to Construct No. A-833-795 
Fourteen (14) Geothermal Exploratory/Development Wells 
Located at TMK: 1-4-Q1:2, 1-4-Q1:3, 1-4-Q1:58 and 1-4-Q1:19, 
Kilauea Lower East Rift Zone, Puna, Hawaii 
-+ 
90-A99 
File #833 
Pursuant to Chapter 3428, Hawaii Revised Statutes, and Chapter 11-60, Hawaii 
Administrative Rules, the Department of Health (DOH) hereby modifies the subject Authority to 
Construct No. A-833-795. 
The following modified special conditions supersede the corresponding special 
conditions of Attachment II issued with ATC No. A-833-795 dated February 6, 1990: 
Soecial Condition No. 2 
This Authority to Construct is for fourteen (14) geothermal 
exploratory/developmental wells to be drilled in TMK: 1-4-Q1:2, 1-4-D1:3, 1-4-
01 :58 and 1-4-Q1: 19, Kilauea Lower East Rift Zone, Puna, Hawaii. Written 
notification must be submitted to and approval obtained from the Department of 
Health prior to the commencement of construction of each well. The Department 
of Health shall act on the approval in a timely manner provided all required and 
requested information have been submitted. Each notification shall include a 
drawing identifying the well location, the property boundary, access roads 
approaching and traversing the property, the location of the nearest residence, 
and the locations of the air quality monitoring stations. The status of all previous 
constructed wells shall be provided including a clear description of the measures 
taken to shut-in the well. Additional information may be requested of the 
permittee. 
Mr. Maurice A. Richard 
March 16, 1990 
Modification To 
ATC No. A-833-795 
Welllield Page 2 
Special Condition No. 3 
The permittee shall obtain a Permit to Operate prior to any well approved under 
this permit being connected to and becoming a part of a distribution system 
which supplies geothermal resource to a power plant or facility. Additional 
permit conditions ~ay be included in the Permit to Operate. 
Special Condition No. 5 
The permittee shall install, operate, and maintain a minimum of one (1) 
meteorological and three {3) air quality monitoring stations. The monitoring 
stations required in any permit lor the 25 MW power plant may be used towards 
fulfilling this requirement. 
Prior to the commencement of construction of each of the fourteen (14) wells, the 
permittee shall submit for the Department of Health's approval the siting of the air 
quality and meteorological monitoring stations. The air quality and 
meteorological monitoring stations shall be fully operational prior to the 
commencement of drilling operations. The permittee shall maintain a file of all 
measurements, including the monitoring system pertormance evaluations; 
calibration checks; and adjustments and maintenance pertormed on the system 
or devices. The measured data shall meet U.S. EPA capture requirements and 
quality assurance guidelines. At a minimum, a quality assurance check shall be 
conducted on each monitoring station every-other-day. 
The air quality monitors shall be equipped with an alarm system or an 
acceptable equivalent system that will immediately notify the permittee of ambient 
hydrogen sulfide concentrations in excess of 25 ppb (above background) and 
100 ppb (including background) on a one-hour average. The permittee shall 
immediately notify the Department of Health and the Hilo District Health Office of 
any exceedance above 25 ppb (above background) and 1 00 ppb (including 
background) on a one-hour average. 
Two (2) copies of the data file in a format acceptable to the Department of 
Health shall be submitted on an annual basis. The data file shall be in a format 
that can be utilized by a personal computer for ready extraction of data. The air 
quality and meteorological data shall be summarized and submitted monthly in 
writing to the Department of Health. Additional information on the monitoring 
stations and on the data collected shall be submitted upon request by the 
Department of Health. 
Mr. Maurice A. Richard 
March 16, 1990 
Modification To 
ATC No. A-633-795 
Wellfield . Page 3 
Special Condition No. 9 
Flaring of excess hydrogen sulfide gas from the completed wells is prohibited 
without the approval of the Department of Health. If flaring of the excess gas is 
considered necessary, the permittee must submit a written request to the 
Department of Health which shall include as a minimum the proposed date, time 
and approximate duration of the flaring episode, the current and expected well 
head pressure, the estimated hydrogen sulfide concentration in the well gas, the 
estimated emission rates for hydrogen sulfide and sulfur dioxide, an air quality 
impact analysis for sulfur dioxide, the probable cause of excess gas buildup, and 
an assessment of any abatement alternatives. 
If a request to flare excess gas is approved as necessary by the Department of 
Health, the approval may be subject to specified conditions. These conditions 
may include, but are not limited to, provisions requiring the permittee to install, 
operate, and maintain sulfur dioxide ambient monitors and to submit to the 
Department of Health after the flaring event a report on the times flaring actually 
occurred, the sulfur dioxide emissions determined through either direct or indirect 
measurements, and any problems encountered during the flaring process. 
Special Condition No. 11 
.. 
The permittee shall have proper safety devices on-site at least three days prior to 
commencement of drilling operations. A minimum of three breathing apparati 
shall be available at the site and maintained by a qualified person/contractor. 
Wind socks shall be placed at two opposite edges of the drill site and on the 
drill floor. At least one person with certified hydrogen sulfide training to respond 
to hydrogen sulfide emergency episodes shall be on-site at all times. 
Special Condition No. 13 
The permittee shall monitor the hydrogen sulfide concentration and emission rate 
continuously in the steam by use of an electrochemical type sensor and recorder 
during the flow testing operations. If the abated hydrogen sulfide emission rate 
increases to five (5.0) pounds per hour or more, the permittee shall cease 
operations and shut-in the well. The Department of Health shall be so notified 
and the problem corrected before testing operations can continue. 
During periods of well equipment failure or malfunction which result in hydrogen 
sulfide emissions, the permittee shall apply best available control technology for 
the air emissions and take immediate steps to correct the condition. The 
Department of Health shall be immediately notified of the well equipment failure 
or malfunction. If the well equipment In question cannot be repaired within 
twenty-four (24) hours of the occurrence or the hydrogen sulfide ambient 
Mr. Maurice A. Richard 
March 16, 1990 
Modification To 
ATC No. A-833-795 
Wellfield Page 4 
concentration exceeds the specified limits in Special Condition Nos. 23, 27 and 
28, the permittee shall cease operations and shut-in the well in accordance with 
Special Condition Nos. 23, 27 and 28. Within five (5) days of the occurrence, a 
report shall be submitted to the Department of Health. The report shall include a 
description of the equipment failure or malfunction, the date of the initial failure, 
the estimated resultant emissions, time and duration of the event, and the repairs 
conducted to restore normal operations. Compliance with this notification 
provision shall not excuse or otherwise constitute a defense for any violation(s) 
of this permit, law, rule, or order which results from the well equipment failure or 
malfunction. 
Special Condition No. 17 
The permittee- shall utilize mud drilling techniques to the extent possible during 
the well drilling operations. In no case shall air drilling be used in the 
construction of the geothermal well. The drilling with aerated mud or aerated 
water may be used in lieu of mud drilling, but should be minimized to the extent 
practicable. Should any releases of steam occur during the drilling operations, 
the drilling fluid weight shall be immediately increased to stop the steam flow. In 
no case shall any inadvertent steam releases result in hydrogen sulfide 
emissions of five (5.0) pounds per hour or more, or exceed seven (7) minutes in 
duration in any one hour. If the inadvertent steam releases cannot be controlled 
by increasing the fluid weight or exceeds seven (7) minutes in duration in any 
one hour, the permittee shall take immediate action to shut-in the well. 
Records of each steam release incident shall be maintained and include as a 
minimum, date, time and duration of the incident, the estimated resultant 
emissions, and any corrective measures taken. The records shall be in a 
permanent form suitable for inspection, shall be made available upon request by 
the Department of Health, and shall be retained for at least three (3) years 
following the date of such records. 
Special Condition No. 22 
Unabated well venting shall be allowed only after the permittee has checked with 
the National Weather Service and is assured of meteorological conditions 
appropriate for optimal dispersion and minimal air quality impact. In no case 
shall the well venting commence if the average wind speed at the well site is 
less than 4 meters per second (8.9 miles per hour). Prior to well venting, the 
Department must be informed in writing a minimum of two (2) days prior to 
commencement and so concur. The public shall be notified a minimum of 24-
hours in advance by notices in the newspapers of general circulation in Hawaii 
County. In addition, the permittee shall make a reasonable effort to notify all 
residents living within 3,500 feet of the permittee's property boundary a minimum 
Mr. Maurice A. Richard 
March 16, 1990 
Modification To 
ATC No. A-833-795 
Wellfield Page 5 
of 24-hours in advance of open venting of each well and pipeline cleanout. In 
preparation for flow testing, each well shall be allowed to open vent only during 
the daytime and no more than a total of four (4) hours. 
In no case shall any well venting coincide with any pipeline cleanouts, or well 
flow testing operations, or commence if the power plant emergency steam 
release facility is being utilized. If emergency steam releases from the power 
plant occur during the venting of any well, venting of that well shall be 
terminated as quickly as practical. 
Special Condition No. 23 
In no case shall the well drilling, flow testing, venting operations, or well 
equipment failure or malfunction of any of the fourteen (14) geothermal 
exploratory/developmental wells cause or contribute to an exceedance of the 
hydrogen sulfide ambient level of 1 oo ppb (including background) on a one-hour 
average at or beyond the project boundary. Should any of the approved air 
quality monitoring stations indicate a hydrogen sulfide ambient concentration 
greater than 100 ppb (including background) on a one-hour average, the 
permittee shall immediately notify the Department of Health, ceasing all well 
drilling with aerated mud or aerated water, well flow testing, and well venting 
operations, and shutting in those wells experiencing equipment failure or 
malfunction, which result in emissions of hydrogen sulfide. The affected wellfield 
construction activities shall be allowed to proceed only after the permittee has 
satisfactorily demonstrated to the Department of Health that the contributions 
from the well drilling with aerated mud or aerated water, well flow testing, well 
venting operations or well equipment repair will not result in or contribute to the 
exceedance of the hydrogen sulfide ambient concentration of 1 oo ppb (including 
background) on a one-hour average. 
The permittee shall submit to the Department of Health a written follow-up report 
within five (5) days of the occurrence. The report shall include the date, time 
and duration of the exceedance(s), the status of all project operations during the 
exceedance, the estimated project emissions and any other emission sources 
that may have contributed to the exceedance, and all corrective measures and 
actions to reduce project emissions to a minimum. Compliance with this 
notification provision shall not excuse or otherwise constitute a defense to any 
violation(s) of this permit or of any law or regulations. 
Special Condition No. 27 
During those periods of normal power plant and normal wellfield operations, the 
combined emissions of hydrogen sulfide from the 25 MW geothermal power plant 
(A-834) and associated wellfield (A-833) shall not cause an increase in the 
Mr. Maurice A. Richard 
March 16, 1990 
Modification To 
ATC No. A-833-795 
Wellfield Page 6 
hydrogen sulfide ambient concentration in excess of 5 ppb (above background} 
on a one-hour average at or beyond the project boundary as monitored at any of 
the approved air quality monitoring stations and so identified in the monthly 
monitoring report. As used in this context, a normal power plant operation is a 
power plant which is operating without any upsets, equipment failure, malfunction 
or which is otherwise operating normally. A normal wellfield operation is a 
wellfield in which no well drilling, flow testing, or venting activities are occurring 
and where the completed wells are not experiencing any equipment failure or 
malfunction and are either shut-in, being used as an injection well, or connected 
to a sound geothermal resource distribution system. 
Special Condition No. 28 
Excluding periods of well venting and pipeline cleanout, the combined emissions 
of hydrogen sulfide from the 25 MW geothermal power plant (A-834) and 
associated wellfield (A-833) shall not cause an increase in the hydrogen sulfide 
ambient concentration in excess of 25 ppb (above background} on a one-hour 
average at or beyond the project boundary as monitored at any of the approved 
air quality monitoring stations and so identified in the monthly monitoring report. 
Should any of the approved air quality monitoring stations indicate a hydrogen 
sulfide ambient concentration greater than 25 ppb (above background} on a one-
hour average, the permittee shall immediately notify the Department of Health 
and the Hilo District Health Office and shall cease all geothermal well drilling with 
aerated mud or aerated water, well flow testing, and scheduled project 
maintenance, and shut-in those wells experiencing equipment failure or 
malfunction, which result in emissions of hydrogen sulfide. The affected well 
drilling, flow testing, scheduled maintenance, and well equipment repair shall be 
allowed to proceed only after the permittee has satisfactorily demonstrated to the 
Department of Health that the hydrogen sulfide emissions from the affected well 
drilling, flow testing, scheduled maintenance, well equipment or power plant 
repairs, power plant emergency steam release, or normal power plant operation, 
whether separately or in any combination, did not or will not cause an increase 
in the hydrogen sulfide ambient concentration in excess of 25 ppb (above 
background} on a one-hour average. 
The following special condition of Attachment II issued with ATC No. A-833-795 dated 
February 6, 1990 is hereby deleted: 
Special Condition No. 24 
The drilling, flow testing, and venting operations of any of the fourteen {14} 
geothermal exploratory/developmental wells shall not cause or contribute to an 
. ' ' 
Mr. Maurice A. Richard 
March 1 6, 1990 
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exceedance of the hydrogen sulfide ambient level of 1 oo ppb on a one-hour 
average at or beyond the project boundary. 
All other special conditions of Attachment II (Special Condition Nos. 1, 4, 6, 7, 8, 10, 12, 
14, 15, 16, 18, 19, 20, 21, 25 and 26) issued with ATC No. A-833-795 dated February 6, 1990 
shall not be affected and shall remain valid. 
These modifications shall become final twenty (20) days after receipt, unless before the 
twenty (20) days expire, Puna Geothermal Venture submits a written request to the Director of 
Health for a hearing pursuant to Chapters 91 and 3428, Hawaii Revised Statutes. If a hearing 
is requested, tt will be held at a date, time, and place to be specified later and conducted in 
accordance with Chapter 91, Hawaii Revised Statutes, and the rules of Practice and Procedure 
of the Department qf Health. 
WN/sk 
cc: DHSA, Hawaii 
JOHN C. LEWIN, M.D. 
Director of Health 
tOP' FOR YOUR 
IHfORMATION March 16, 1990 Ramseyer 
ATIACHMENT II. SPECIAL CONDITIONS OF AUTHORITY TO CONSTRUCT, NO. A-833·795 
APPLICATION NO. A·833 
WELLFIELD 
In addition to the standard conditions of the Authority to Construct, this permit is subject to 
the following special conditions: 
1. The permit conditions prescribed herein may at any time be revised by the Department of 
Health to conform to any Federal or State promulgated air quality rules on geothermal 
facilities. 
2. This Authority to Construct is for fourteen {14) geothermal exploratory/developmental wells 
to be drilled in TMK: 1-4-01:2, 1-4-01:3, 1-4-01:58 and 1-4-01:19, Kilauea Lower East Rift 
Zone, Puna, Hawaii. Written notification must be submitted to and approval obtained (with 
minimal delay] from the Department of Health prior to commencement of construction of 
each well. The Department of Health shall act on the approval In a timely manner 
provided all required and requested Information have been submitted. Each 
notification shall include a drawing identifying the well location, the property boundary, 
access roads approaching and traversing the property, the location of the nearest 
residence, and the locations of the air quality monitoring stations. The status of all 
previous constructed wells shall be provided including a clear description of the measures 
taken to shut-in the well. Additional information may be requested of the permittee. 
3. The (Department of Health shall act on] permittee shall obtain a Permit to Operate 
(Application] prior to any well approved under this permit being connected and becoming 
a part of a distribution system which supplies geothermal resource to a power plant or 
facility. Additional permit conditions may be included in the Permit to Operate. 
4. No geothermal exploratory/developmental wells shall be located within 600 feel of the 
property boundary. if any federal, state or county permit or order stipulates a distance 
greater than 600 feet in which no geothermal wells can be located, the greater distance 
shall so apply. 
5. The permittee shall install, operate, and maintain a minimum of one (1) meteorological and 
three (3) air quality monitoring stations. The monitoring stations required in any permit for 
the 25 MW power plant may be used towards fulfilling this requirement. 
Prior to the commencement of construction of each of the fourteen (14) wells, the 
permittee shall submit for the Department of Health's approval the siting of the air quality 
and meteorological monitoring stations. The air quality and meteorological monitoring 
stations shall be fully operational prior to the commencement of drilling operations. The 
permittee shall maintain a file of all measurements, including the monitoring system 
performance evaluations; calibration checks; and adjustments and maintenance performed 
on the system or devices. The measured data shall meet U.S. EPA capture requirements 
and quality assurance guidelines. At a minimum, a quality assurance check shall be 
conducted on each monitoring station every-other-day. 
The air quality monitors shall be equipped with an alarm system or an acceptable 
equivalent system that will immediately notify the permittee of ambient hydrogen sulfide 
concentrations in excess of 25 ppb (above background) and 100 ppb (Including 
background) on a one-hour average. The permittee shall immediately notify the 
Department of Health and the Hilo District Health Office of any exceedance above 25 ppb 
(above background) and 1 00 ppb (Including background) on a one-hour average. 
Two (2) copies of the data file in a format acceptable to the Department of Health shall be 
submitted on an annual basis. The data file shall be in a format that can be utilized by a 
personal computer for ready extraction of data. The air quality and meteorological data 
shall be summarized and submitted monthly in writing to the Department of Health. 
Additional information on the monitoring stations and on the data collected shall be 
submitted upon request by the Department of Health. 
6. At the discretion of the Director of Health, the permittee may at any time be required to 
install, operate, and maintain additional air quality and meteorological monitoring stations, 
but only after due notice to the permittee on the reasons for the proposed change and 
providing the permittee an opportunity to respond within seven (7) days. 
7. The permittee shall notify the Department of Health in writing at least two (2) working days 
prior to the commencement, and within two (2) working days after the completion of the 
aerated mud or aerated water drilling, well venting, and flow testing operations, for each 
geothermal wen.· 
8. Upon completion of flow testing operations, each geothermal well shall be shut-in or 
otherwise prevented from discharging to the atmosphere in accordance with appropriate 
standards of operation and maintenance and at no time be placed on continuous or 
standby bleed status. 
9. [Occasional flaring of excess hydrogen sulfide gas from the completed wells is prohibited 
unless such flaring is necessary to insure well integrity or safety and is conducted in such 
a manner that no state or national ambient air quality standards for sulfur dioxide are 
exceeded. Records shall be maintained on all flaring episodes, and shall include, as a 
minimum, the date, time and duration of the event, probable causes of the excess gas 
buildup, and the estimated emissions of sulfur dioxides determined through either direct or 
indirect measurements. The records shall be in a permanent form suitable for inspection 
and shall be retained for at least three (3) years following the date of such records. The 
permittee shall submit a written report monthly to the Department of Health on the flaring 
episodes which demonstrates compliance with the requirements of this condition. If flaring 
occurs frequently or routinely, the permittee shall install, operate, and maintain ambient 
sulfur dioxide monitors at each air quality monitoring station and comply with all 
recordkeeping requirements in accordance with Special Condition No. 5.] 
Flaring of excess hydrogen sulfide gas from the completed wells Is prohibited without 
the approval of the Department of Health. If flaring of the excess gas Is considered 
necessary, the permittee must submit a written request to the Department of Health 
which shall Include as a minimum the proposed date, time and approximate duration 
of the flaring episode, the current and expected well head pressure, the estimated 
hydrogen sulfide concentration In the well gas, the estimated emission rates for 
hydrogen sulfide and sulfur dioxide, an air quality Impact analysis for sulfur dioxide, 
the probable cause of excess gas buildup, and an assessment of any abatement 
alternatives. 
If a request to flare excess gas Is approved as necessary by the Department of 
Health, the approval may be subject to specified conditions. These conditions may 
Include, but are not limited to, provisions requiring the permittee to Install, operate, 
and maintain sulfur dioxide ambient monitors and to submit to the Department of 
Health after the flaring event a report on the times flaring actually occurred, the 
sulfur dioxide emissions determined through either direct or Indirect measurements, 
and any problems encountered during the flaring process. 
10. All access roads into the property shall be limited to authorized personnel only. Twenty-
four hour staffing shall be in place during construction. 
11. The permittee shall have proper safety devices on-site at least three days prior to 
commencement of [air] drilling operations. A minimum of three breathing apparati shall 
be available at the site and maintained by a qualified person/contractor. Wind socks shall 
be placed at two opposite edges of the drill site and on the drm floor. At least one 
person with certified hydrogen sulfide training to respond to hydrogen sulfide emergency 
episodes shall be on-site at all times. 
12. Hydrogen sulfide abatement equipment with a minimum of 3,000 gallons of sodium 
hydroxide shall be on the property prior to the initiation of flow testing operations. 
Chemical storage tanks shall be maintained with sodium hydroxide at all times with no 
less than a three-day operating supply. 
13. The permittee shall monitor the hydrogen sulfide concentration and emission rate 
continuously in the steam by use of an electrochemical type sensor and recorder during 
the flow testing operations. If the abated hydrogen sulfide emission rate increases to five 
(5.0) pounds per hour or more, the permittee shall cease operations and shut-in the well. 
The Department of Health shall be so notified and the problem corrected before testing 
operations can continue. 
During periods of well equipment failure or malfunction which result in hydrogen sulfide 
emissions, the permittee shall apply best available control technology for the air emissions 
and [shall so notify the Department of Health within one (1) hour of the occurrence. The 
permittee shall immediately] take Immediate steps to correct the condition. The 
Department of Health shall be Immediately notified of the well equipment failure or 
malfunction. If [repairs] the well equipment In question cannot be [accomplished] 
repaired within twenty-four (24) hours of the occurrence or the hydrogen sulfide ambient 
concentration exceeds the specified limits In Special Condition Nos. 23, 27 and 28, 
the permittee shall cease operations and shut-in the well In accordance with Special 
Condition Nos. 23, 27 and 28. Within five (5) days of the occurrence, a report shall be 
submitted to the Department of Health [in accordance with Hawaii Administrative Rules, 
Section 11-60-14]. The report shall Include a description of the equipment failure or 
malfunction, the date of the Initial failure, the estimated resultant emissions, time and 
duration of the event, and the repairs conducted to restore normal operations. 
Compliance with this notification provision shall not excuse or otherwise constitute a 
defense for any vlolatlon(s) of this permit, law, rule, or order which results from the 
well equipment failure or malfunction. 
14. Wet chemical tests for the determination of the hydrogen sulfide concentrations shall be 
conducted and recorded on a daily basis during all phases of the flow testing operations. 
15. The following data shall be recorded during the flow testing operations: 
a. At least four times per 24-hour period, hydrogen sulfide ppm upstream from the 
injection system. 
b. At least four limes per 24-hour period, injection rate of sodium hydroxide. 
c. At least four limes per 24-hour period, hydrogen sulfide emission rate (lbs/hr) and 
concentration (ppm) downstream, after chemical injection. 
d. Daily, zero and span check of hydrogen sulfide sensor. 
e. Weekly, calibration check of hydrogen sulfide sensor. 
f. Daily, the quantity of sodium hydroxide remaining in the abatement equipment storage 
tanks. 
Additional entries will be made when significant changes in the resource occurs and when 
changes are made in injection rates of sodium hydroxide. 
The aforementioned daily records a., b., and c. shall also be reported daily to the 
Department of Health by telephone no later than noon of the following work day. The 
Department of Health may at any time request additional data or revise the frequency of 
this daily telephone reporting requirement. 
The records shall be kept at the well location at all times during the drilling and flow 
testing operations and shall be made available upon request by the Department of Health 
or its duly authorized representative. Copies or summaries of the records shall be 
provided within a reasonable time upon request by the Department of Health. The records 
shall be retained for at least three years following the date of such records. 
16. The permittee shall maintain a 24-hour telephone service to accept calls concerning this 
Authority to Construct. This telephone number must be operational prior to 
commencement of construction. 
17. The permittee shall utilize mud drilling techniques to the extent possible during the well 
drilling operations. In no case shall air drilling be used in the construction of the 
geothermal well. The drilling with aerated mud or aerated water may be used in lieu of 
mud drilling, but should be minimized to the extent practical. Should any [inadvertent] 
releases of steam occur during the drilling operations, the drilling fluid weight shall be 
immediately increased to stop the steam flow. In no case shall any inadvertent steam 
releases result In hydrogen sulfide emissions of five (5.0) pounds per hour or more, 
or exceed seven (7) minutes in duration in any one hour. If the inadvertent steam 
releases cannot be controlled by increasing the fluid weight or exceeds seven (7) minutes 
in duration In any one hour, the permittee shall take immediate action to shut-in the well. 
Records of each steam release incident shall be maintained and include as a minimum, 
date, time and duration of the incident, the estimated resultant emissions, and any 
corrective measures taken. The records shall be in a permanent form suitable for 
inspection, shall be made available upon request by the Department of Health, and shall 
be retained for at least three (3) years following the date of such records. 
18. Steam production rates and hydrogen sulfide concentrations shall be measured to 
determine hydrogen sulfide emissions in pounds per hour. A sodium hydroxide treatment 
mole ratio of 4 to 1 (NaOH/H2S) will be used initially and the abatement efficiency 
monitored. The optimum mole ratios will be determined during the hydrogen sulfide 
abatement operations. A specific chemical treatment plan shall be submitted to the 
Department of Health prior to the commencement of flow testing. A copy of the plan shall 
be maintained at the site at all times and supervisory personnel shall be aware of its 
provisions at all times. 
19. The permittee shall promptly notify the Department of Health should any toxic emissions 
be encountered of public health concern and where dispersion into the ambient air was 
the mitigative action. 
20. The permittee shall perform once on each well, testing and analyses for all of the following 
constituents of the steam condensate, steam, particulates and/or gases emanating from 
each well: 
STEAM CONDENSATE/TOTAL STEAM 
Benzene 
Ammonium (Total) 
Arsenic 
Lead 
Cadmium 
Bicarbonate and Carbonate 
Sulfates 
Chlorides 
Nitrates 
Boron (Total) 
Hydrogen Sulfide (Total) 
Fluorides (Total) 
Total Sulfur 
Mercury (Total) 
pH 
Total Dissolved Solids 
Total Suspended Solids 
Percent Noncondensibles 
GAS PHASE 
Benzene 
Hydrogen Sulfide 
Ammonia 
Radon 222 and 
daughters 
Mercury Vapor 
Methane 
Non-Methane Hydro-
carbons 
Carbon dioxide 
Sulfur dioxide 
NESHAPS-
pollutants as 
requested 
21. The drilling rig diesel engine generators and pumps shall be fired only on diesel fuel oil 
no. 2 with a maximum sulfur content not to exceed 0.5 percent by weight. The permittee 
shall maintain records on the total amount of fuel oil consumed by all the diesel engines 
for the drilling of each well. The total gallons of fuel oil consumed shall be submitted to 
the Department of Health at the completion of each well. 
22. Unabated well venting shall be allowed only after the permittee has checked with the 
National Weather Service and is assured of meteorological conditions appropriate for good 
dispersion and minimal air quality impact. In no case shall the well venting commence if 
the average wind speed at the well site is less than 4 meters per second {8.9 miles per 
hour). Prior to well venting, the Department must be informed in writing a minimum of two 
(2) days prior to commencement and so concur. The public shall be notified a minimum 
of 24-hours in advance by notices in the newspapers of general circulation in Hawaii 
County. In addition, the permittee shall make a reasonable effort to notify all residents 
living within 3,500 feet of the permittee's property boundary a minimum of 24-hours in 
advance of open venting of each well and pipeline cleanout. In preparation for flow 
testing, each well shall be allowed to open vent only during the daytime and no more than 
a total of four (4) hours. 
In no case shall any well venting coincide with any pipeline cleanouts or well flow testing 
operations, or commence if the power plant emergency steam release facility is being 
utilized. If emergency steam releases from tile power plant occur during the venting of 
any well, venting of that well shall be terminated as quickly as practical. · 
23. [Should any of the air quality monitoring stations indicate an ambient hydrogen sulfide, 
one-hour average concentration greater than 1 00 ppb, the permittee shall take immediate 
action to the extent practical to reduce all wellfield emissions. Within four (4) hours of the 
exceedance, the permittee shall reduce all wellfield hydrogen sulfide emissions associated 
with wellfield construction operations, including but not limited to drilling, flow testing, 
venting, etc., by a minimum of 50 percent of the level during the event. Following the 
reduction in project emissions, if the monitoring stations still indicate ambient hydrogen 
sulfide concentrations in excess of 100 ppb (one-hour average), the permittee shall cease 
all drilling operations and shut-in all wells under construction, unless the permittee can 
conclusively show to the Department of Health that the project operations and emissions 
are not contributing any impact to monitoring site. If the project emissions have been 
reduced, the permittee shall maintain the emissions at this reduced level until such time 
the Department of Health is assured that the resumption of full activity shall not result in 
another exceedance of the ambient level of 100 ppb (one-hour average).) 
In no case shall the well drilling, flow testing, venting operations, or well equipment 
failure or malfunction of any of the fourteen (14) geothermal 
exploratory/developmental wells cause or contribute to an exceedance of the 
hydrogen sulfide ambient level of 1 00 ppb (Including background) on a one-hour 
average at or beyond the project boundary. Should any of the approved air quality 
monitoring stations Indicate a hydrogen sulfide ambient concentration greater than 
1 00 ppb (Including background) on a one-hour average, the permittee shall 
immediately notify the Department of Health, ceasing all well drilling with aerated mud 
or aerated water, well flow testing, and well venting operations, and shutting in those 
wells experiencing equipment failure or malfunction, which result in emissions of 
hydrogen sulfide. The affected wellfield construction activities shall be allowed to 
proceed only after the permittee has satisfactorily demonstrated to the Department of 
Health that the contributions from the well drilling with aerated mud or aerated water, 
well flow testing, well venting operations or well equipment repair will not result in or 
contribute to the exceedance of the hydrogen sulfide ambient concentration of 1 00 
ppb (Including background) on a one-hour average. 
The permittee shall submit to the Department of Health a written follow-up report within 
[two (2)) five (5) days of the occurrence. The report shall include the date, lime and 
duration of the exceedance(s), the status of all project operations during the exceedance, 
the estimated project emissions and any other emission sources that may have contributed 
to the exceedance, and all corrective measures and actions to reduce project emissions to 
a minimum. Compliance with this notification provision shall not excuse or otherwise 
constitute a defense to any violation(s) of this permit or of any law or regulations. 
24. [The drilling, flow testing, and venting operations of any of the fourteen (14) geothermal 
exploratory/developmental wells shall not cause or contribute to an exceedance of the 
hydrogen sulfide ambient level of 1 00 ppb on a one-hour average at or beyond the project 
boundary.) 
25. The permittee may be required to install a control system acceptable to the Department of 
Health for the rapid throttling of steam flow and well shut-in on each developmental well 
prior to the well being connected to a resource distribution system. The requirement for a 
control system may be so specified in the subsequent Permit to Operate. 
26. To prevent well blowouts, the permittee shall employ good drilling practices with proper 
blowout prevention equipment and experienced personnel in the drilling of the 
exploratory/developmental wells. Drilling supervisors shall be certified in blowout 
prevention at a minimum of once every two years by a recognized training center. In the 
unlikely event of a well blowout, the permittee shall immediately proceed with measures to 
kill or gain control of the well and notify the Department of Health. 
The permittee shall submit to the Department of Health a written report within five (5) days 
of the blowout. The report shall include, as a minimum, the probable cause of the 
blowout, the actions that have or will be taken, the estimated time before the well is 
controlled, an analysis of the air qualify impact from the unabated emissions, and a 
monitoring plan to determine the actual air quality impact resulting from the blowout. A 
status report shall be submitted to the Department of Health on a weekly basis until such 
time the control of the well is established. 
27. During those periods of normal power plant and normal wellfield operations, the combined 
emissions of hydrogen sulfide from the 25 MW geothermal power plant (A-834) and 
associated welllield (A-833) shall not cause an increase in the [ambient] hydrogen sulfide 
ambient concentration in excess of 5 ppb [(one-hour average)] (above background) on a 
one-hour average at or beyond the project boundary as monitored at any of the 
approved air quality monitoring stations and so Identified In the monthly monitoring 
report. [During those periods when geothermal well drilling. well flow testing, or 
emergency steam release may be occurring, whether separately, in any combination, or 
whether in combination with periods of normal power plant or wellfield operation, the 
combined emissions of hydrogen sulfide from these sources shall not cause an increase in 
the ambient hydrogen sulfide concentration in excess of 25 ppb (one-hour average) above 
background at or beyond the project boundary.] As used In this context, a normal 
power plant operation Is a power plant which Is operating without any upsets, 
equipment failure, malfunction or which Is otherwise operating normally. A normal 
wellfleld operation Is a wellfield In which no well drilling, flow testing, or venting 
activities are occurring and where the completed wells are not experiencing any 
equipment failure or malfunction and are either shut-In, being used as an Injection 
well, or connected to a sound geothermal resource distribution system. 
28. [For any ambient hydrogen sulfide concentration in excess of 5 ppb (one-hour average) 
above background as indicated by any air quality monitoring station, the permittee has the 
burden of proving that operation of the 25 MW geothermal power plant and welllield did 
not cause the hydrogen sulfide impact in excess of 5 ppb (one-hour average), or proving 
that the power plant or wellfield had experienced an operational upset, equipment failure, 
malfunction or was otherwise not operating normally. For any ambient hydrogen sulfide 
concentration in excess of 25 ppb (one-hour average) above background as indicated by 
any air quality monitoring station, the permittee has the burden of proving that operation of 
the 25 MW geothermal power plant and wellfield did not cause the hydrogen sulfide 
concentration in excess of 25 ppb (one-hour average), or proving that the measured 
impact occurred during the vertical venting of a geothermal well or cleanout of the steam 
production pipelines.] 
Excluding periods of well venting and pipeline cleanout, the combined emissions of 
hydrogen sulfide from the 25 MW geothermal power plant (A-834) and associated 
wellfleld (A-833) shall not cause an Increase In the hydrogen sulfide ambient 
concentration In excess of 25 ppb (above background) on a one-hour average at or 
beyond the project boundary as monitored at any of the approved air quality 
monitoring stations and so Identified In the monthly monitoring report. 
Should any of the approved air quality monitoring stations Indicate a hydrogen sulfide 
ambient concentration greater than 25 ppb (above background) on a one-hour 
average, the permittee shall Immediately notify the Department of Health and the Hllo 
District Health Office and shall cease all geothermal well drilling with aerated mud or 
aerated water, well flow testing, and scheduled pro)ect maintenance, and shut-In 
those wells experiencing equipment failure or malfunction, which result In emissions 
of hydrogen sulfide. The affected well drilling, flow testing, scheduled maintenance, 
and well equipment repair shall be alllowed to proceed only after the permittee has 
satisfactorily demonstrated to the Department of Health that the hydrogen sulfide 
emissions from the affected well drilling, flow testing, scheduled maintenance, well 
equipment or power plant repairs, power plant emergency steam release, or normal 
power plant operation, whether separately or In any combination, did not or will not 
cause an Increase In the hydrogen sulfide ambient concentration In excess of 25 ppb 
(above background) on a one-hour average. 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
1 01 Aupuni Street, Suite 1 014-B 
Hilo, Hawaii 96720 _ 
Dear Mr. Richard: 
March 16, 1990 
Subject: Modification to Au1hority to Construct No. A-834-796 
25 MW Geothermal Power Plant 
Located at TMK: 1-4-o1:2 and 1-4-Q1:19, Kilauea Lower 
East Rift Zone, Puna, Hawaii 
90-A100 
File #834 
.. 
Pursuant to Chapter 3428, Hawaii Revised Statu1es, and Chapter 11-60, Hawaii 
Administrative Rules, the Department of Health (DOH) hereby modifies the subject Au1hority to 
Construct No. A-834-796. 
The following modified special conditions supersede the corresponding special 
conditions of Attachment II issued with ATC No. A-834-796 dated February 6, 1990: 
Special Condition No. 6 
Pipeline cleanou1s shall be allowed only after the permittee has checked with the 
National Weather Service and is assured of meteorological conditions appropriate 
for good dispersion and minimal air quality impact. In no case shall any pipeline 
deanou1 commence if the average wind speed at the pipeline exhaust site is 
less than four (4) meters per second (8.9 miles per hour). In no case shall any 
pipeline cleanou1 coincide with any well venting, well flow testing, or well drilling 
with aerated water or aerated mud. Prior to any pipeline cleanou1, the 
Department of Health must be Informed in writing, a minimum of two (2) days 
prior to commencement and so concur. The public shall be notified a minimum 
of 24-hours in advance by notices in the newspapers of general circulation in 
Hawaii County. In addition, the permittee shall make a reasonable effort to notify 
all residents living within 3,500 feet of the permittee's property boundary a 
minimum of 24-hours in advance of any pipeline cleanout. Each pipeline 
cleanou1 shall not exceed 20 minutes in duration and shall occur only in the 
daytime. 
.. 
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Soecial Condition No. 7 
The permittee shall install, operate, and maintain a minimum of one (1) 
meteorological and three (3) air quality monitoring stations. The monitoring 
stations required in any permit for the wellfield may be used towards fulfilling this 
requirement. 
Prior to the commencement of construction, the permittee shall submit for the 
Department of Health's approval the siting of the air quality and meteorological 
monitoring stations. The air quality and meteorological monitoring stations shall 
be fully operational prior to the commencement of plant operations. The 
permittee shall maintain a file of all measurements, including the monitoring 
system performance evaluations; calibration checks; and adjustments and 
maintenance performed on the system or devices. The measured data shall 
meet U.S. EPA capture requirements and quality assurance guidelines. As a 
minimum, a quality assurance check shall be conducted on each monitoring 
station every-other-day. 
The air quality monitors shall be equipped with an alarm or acceptable 
equivalent system that will immediately notify the permittee of ambient hydrogen 
sulfide concentrations in excess of 25 ppb (above background) and 1 oo ppb 
(including background) on a one-hour !!Verage. The permittee shall immediately 
notify the Department of Health and the Hilo District Health Office of any 
exceedance above 25 ppb (above background) and 1 00 ppb (including 
background) on a one-hour average. 
Two (2) copies of the data file in a format acceptable to the Department of 
Health shall be submitted on an annual basis. The data file shall be in a format 
that can be utilized by a personal computer for ready extraction of data. The air 
quality and meteorological data shall be summarized and submitted monthly in 
writing to the Department of Health. Additional information on the monitoring 
stations and on the data collected shall be submitted upon request by the 
Department of Health. 
Special Condition No. 13 
The permittee shall immediately notify the Department of Health of any 
operational upsets, equipment failure or malfunction which would allow an 
Increase in the emissions of hydrogen sulfide, particulate matter or lsopentane. 
The permittee shall apply best available control technology for the air emissions 
and take immediate steps to correct the condition. The permittee shall take 
appropriate action In accordance with Special Condition Nos. 15, 17 and 18 if 
the hydrogen sulfide ambient concentration exceeds the specified limits in 
Special Condition Nos. 15, 17 and 18. In addition, a written report shall be 
submitted to the Department of HeaHh within five (5) days of the occurrence. 
The report shall Include a description of the malfunctioning equipment or 
Mr. Maurice A. Richard 
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abnonnal operation, the date of the initial failure, the estimated resultant 
emissions, time and duration of the event, and the methods utilized to restore 
nonnal operations. Compliance with this notification provision shall not excuse 
or otherwise constitute a defense for any violation(s) of this permit, law, rule or 
order which results from the operational upset, equipment failure or malfunction. 
Special Condition No. 15 
The operation of the 25 MW geothermal power plant during periods of 
operational upsets, equipment failure or malfunctions shall not cause or 
contribute to an exceedance of the hydrogen sulfide ambient level of 1 00 ppb 
(including background) on a one-hour average at or beyond the project 
boundary. Should any of the approved air quality monitoring stations indicate a 
hydrogen sulfide ambient concentration greater than 1 oo ppb (including 
background) on a one-hour average, the permittee shall take immediate action 
terminating, within two (2) hours of the exceedance, all power plant activities not 
associated with nonnal power plant operations and contributing to hydrogen 
sulfide emissions. Following the reduction in project emissions, if the monitoring 
stations still indicate hydrogen sulfide ambient concentrations in excess of 1 oo 
ppb (including background) on a one-hour average, the pennittee shall curtail 
the power plant operations, unless the permittee can conclusively show to the 
Department of Health that the project operations anq emissions are not 
contributing any impact to the monitoring site. If the hydrogen sulfide ambient 
concentration is below 1 00 ppb (including background) on a one-hour average 
after the project emissions have been reduced, the permittee shall maintain the 
emissions at this reduced level until such time the Department of Health is 
assured that the resumption of full activity shall not result in another exceedance 
of the hydrogen sulfide ambient level of 1 00 ppb (including background) on a 
one-hour average. 
The pennittee shall submit a written report to the Department of Health within five 
(5) days of the occurrence. The report shall include the date, time and duration 
of the exceedance, the estimated project emissions and any other emission 
sources that may have contributed to the exceedance, and all corrective 
measures and actions taken to reduce project emissions to a minimum. 
Compliance with this notification provision shall not excuse or otherwise 
constitute a defense for any violation (s) of this penni!, law, rule or order. 
Special Condition No. 17 
During those periods of nonnal power plant and nonnal wellfield operations, the 
combined emissions of hydrogen sulfide from the 25 MW geothennal power plant 
(A-834) and associated wellfield {A-833) shall not cause an Increase in the 
hydrogen sulfide ambient concentration in excess of 5 ppb (above background) 
on a one-hour average at or beyond the project boundary as monitored at any of 
the approved air quality monitoring stations and so identified in the monthly 
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monitoring report. As used in this context, a normal power plant operation is a 
power plant which is operating without any upsets, equipment failure, malfunction 
or which is otherwise operating normally. A normal wellfield operation is a 
wellfield in which no well drilling, flow testing, or venting activities are occurring 
and where the completed wells are not experiencing any equipment failure or 
malfunction and are either shut-in, being used as an injection well, or connected 
to a sound geothermal resource distribution system. 
Special Condition No. 18 
Excluding periods of well venting and pipeline cleanout. the combined emissions . 
of hydrogen sulfide from the 25 MW geothermal power plant (A-834) and 
associated wellfield (A-833) shall not cause an increase in the hydrogen sulfide 
ambient concentration in excess of 25 ppb (above background) on a one-hour 
average at or beyond the project boundary as monitored at any of the approved 
air quality monitoring stations and so identified in the monthly monitoring report. 
Should any of the approved air quality monitoring stations indicate a hydrogen 
sulfide ambient concentration greater than 25 ppb (above background) on a one-
hour average, the permittee shall immediately notify the Department of Health 
and the Hila District Health Office and shall cease all geothermal well drilling with 
aerated mud or aerated water, well flow testing, and scheduled project 
maintenance, and shut-in those wells experiencing equipment failure or 
malfunction, which result in emissions of hydrogen sulfide. The affected well 
drilling, flow testing, scheduled maintenance, and well equipment repair shall be 
allowed to proceed only after the permittee has satisfactorily demonstrated to the 
Department of Health that the hydrogen sulfide emissions from the affected well 
drilling, flow testing, scheduled maintenance, well equipment or power plant 
repairs, power plant emergency steam release, or normal power plant operation, 
whether separately or in any combination, did not or will not cause an increase 
in the hydrogen sulfide ambient concentration in excess of 25 ppb (above 
background) on a one-hour average. 
The following special condition of Attachment II issued with ATC No. A-834-796 dated 
February 6, 1990 is hereby deleted: 
Special Condition No. 16 
The operation of the 25 MW geothermal power plant during periods of 
operational upsets, equipment failure or malfunctions shall not cause or 
contribute to an exceedance of the hydrogen sulfide ambient level of 100 ppb on 
a one-hour average at or beyond the project boundary. 
All other special conditions of Attachment II (Special Condition Nos. 1, 2, 3, 4, 5, B, 9, 
10, 11, 12, 14, 19 and 20) issued with ATC No. A-834-796 dated February 6, 1990 shall not be 
affected and shall remain valid. 
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These modifications shall become final twenty (20) days after receipt, unless before the 
twenty (20) days expire, Puna Geothermal Venture submits a written request to the Director of 
Health for a hearing pursuant to Chapters 91 and 3426, Hawaii Revised Statutes. H a hearing 
is requested, it will be held at a date, time, and place to be specified later and conducted in 
accordance with Chapter 91 , Hawaii Revised Statutes, and the rules of Practice and Procedure 
of the Department of Health. 
WN/sk 
cc: DHSA, Hawaii 
JOHN C. LEWIN, M.D. 
Director of Health 
.. 
ATTACHMENT ll. 
tor• FOR YOUR 
INfORMATION 
March 16, 1990 
·Ramseyer 
SPECIAL CONDITIONS OF AUTHORITY TO CONSTRUCT, 
NO. A-834-796 
APPLICATION NO. A-834 
POWER PLANT 
In addition to the standard conditions of the Authority to Construct, this permit is 
subject to the following special conditions: 
1. The permit conditions prescribed herein may at any time be revised by the Department 
of Health to conform to any Federal or State promulgated air quality rules on 
geothermal facilities. 
2. The total fugitive isopentane emissions from all ten (10) Ormat Energy Converter 
(OEC) modules shall not exceed 0.4 lbs/hr or exceed 1000 ppm from any seal, flange, 
valve or any other fugitive emission point when measured from a distance of two (2) 
inches from the point. The permittee shall perform measurements on all fugitive 
isopentane emission points, as a minimum, on a weekly basis. The permittee shall take 
immediate corrective actions upon identifying any isopentane emissions in excess of 
1000 ppm when measured from a distance of two (2) inches. 
3. Records shall be maintained on all isopentane emission measurements, the amount of 
gallons of isopentane purchased, the amount of isopentane transferred to and from the 
OEC modules, and the amount of isopentane released to the atmosphere. The records 
shall be in a permanent form suitable for inspection, shall be made available upon 
request by the Department of Health, and shall be retained for at least three (3) years 
following the date of such records. A report on the amount of isopentane released to 
the atmosphere shall be submitted to the Department of Health on an annual basis. 
4. The geothermal fluids injection system shall include at least two (2) geothermal 
injection wells, a spare fluid pump, and a spare noncondensable gas compressor. The 
backup injection system equipment shall be maintained in good operating condition at 
all times and shall be utilized immediately upon identification of any malfunctioning 
equipment. 
In the event of an equipment malfunction or upset condition which results in a 
situation where the two geothermal injection wells are not capable of handling the 
total geothermal resource being utilized by the power plant, the power plant 
production and the associated geothermal resource being used shall be immediately 
reduced accordingly to the handling capacity of the two injection wells. 
5. The diesel engine generator and the diesel firewater pump shall be fired only on diesel 
fuel oil no._ 2 with a maximum sulfur content not to exceed 0.5% by weight. 
6. Pipeline cleanouts shall be allowed only after the permittee has checked with the 
National Weather Service and is assured of meteorological conditions appropriate for 
good dispersion and minimal air quality impact. In no case shall any pipeline cleanout 
commence if the average wind speed at the pipeline exhaust site is less than four (4) 
meters per second (8.9 miles per hour). In no case shall any pipeline cleanout coincide 
with any well venting, well flow testing, or well drilling with aerated water or aerated 
mud. Prior to any pipeline cleanout, the Department of Health must be informed in 
writing, a minimum of two (2) days prior to commencement and so concur. The public 
shall be notified a minimum of 24-hours in advance by notices in the newspapers of 
general circulation in Hawaii County. In addition, the permittee shall make a 
reasonable effort to notify all residents living within 3,500 feet of the permittee's 
property boundary a minimum of 24-hours in advance of any pipeline cleanout. Each 
pipeline cleanout shall not exceed 20 minutes in duration and shall occur only in the 
daytime. 
7. The permittee shall install, operate, and maintain a minimum of one (1) meteorological 
and three (3) air quality monitoring stations. The monitoring stations required in any 
permit for the wellfield may be used towards fulfilling this requirement. 
Prior to the commencement of construction, the permittee shall submit for the 
Department of Health's approval the siting of the air quality and meteorological 
monitoring stations. The air quality and meteorological monitoring stations shall be 
fully operational prior to the commencement of plant operations. The permittee shall 
maintain a file of all measurements, including the monitoring system performance 
evaluations; calibration checks; and adjustments and maintenance performed on the 
system or devices. The measured data shall meet U.S. EPA capture requirements and 
quality assurance guidelines. As a minimum, a quality assurance check shall be 
conducted on each monitoring station every-other-day. 
The air quality monitors shall be equipped with an alarm or acceptable equivalent 
system that will immediately notify the permittee of ambient hydrogen sulfide 
concentrations in excess of 25 ppb (above background) and 100 ppb (including 
background) on a one-hour average. The permittee shall immediately notify the 
Department of Health and the Hilo District Health Office of any exceedance above 25 
ppb (above background) and 100 ppb (including background) on a one-hour average. 
Two (2) copies of the data file in a format acceptable to the Department of Health 
shall be submitted on an annual basis. The data file shall be in a format that can be 
utilized by a personal computer for ready extraction of data. The air quality and 
meteorological data shall be summarized and submitted monthly in writing to the 
Department of Health. Additional information on the monitoring stations and on the 
data collected shall be submitted upon request by the Department of Health. 
8. At the discretion of the Director of Health the permittee may at any time be required 
to install, operate, and maintain additional air quality and meteorological monitoring 
stations, but only after due notice to the permittee on the reasons for the proposed 
change and providing the permittee an opportunity to respond within seven (7) days. 
9. All access roads into the permittee's property shall be limited to authorized personnel 
only. Twenty-four hour staffing shall be in place during plant operations. 
10. The emergency steam release facility, consisting of two (2) rock mufflers, chemical 
storage tank(s) and associated equipment, shall be installed, maintained, and be fully 
operational prior to commencement of plant operations. Each rock muffler shall be 
capable of handling a steam flow rate of 570,000 lbs/hr or 100 percent of the total 
power plant steam flow, whichever is greater. 
11. The emergency steam release facility shall only be utilized under one or more of the 
following conditions: 
a) Failure of the electrical transmission lines out of the power plant or some 
incident that tripped all the steam turbines and OEC units; 
b) Complete upset of the geothermal fluid injection system; 
c) Pressure in the steam lines exceeds safety design set points; or 
d) Any upset situation which would otherwise result in a release of unabated steam 
to the atmosphere. 
12. The emergency steam release facility shall be equipped and maintained at all times 
with a minimum three-day operating storage capacity of sodium hydroxide. The 
chemical abatement system shall operate automatically when steam is released 
through the rock muffler(s). The hydrogen sulfide concentrations shall be continuously 
monitored both downstream and upstream of the chemical injection point. A sodium 
hydroxide treatment mole ratio of 4 to 1 (NaOH/HzS) will be used initially and the 
abatement efficiency monitored. The optimum mole ratios will be determined during 
the hydrogen sulfide abatement operations. 
Upon utilizing the emergency steam release facility, the permittee shall take 
immediate action to the extent practical to reduce the steam flow and perform the 
necessary corrective actions. The steam flow rate shall be reduced, as a minimum, to 
50 percent of full flow within four (4) hours after initiating the use of the emergency 
steam release facility. 
13. The permittee shall immediately notify the Department of Health of any operational 
upsets, equipment failure or malfunction which would allow an increase in the 
emissions of hydrogen sulfide, particulate matter or isopentane. The permittee shall 
apply best available control technology for the air emissions and take immediate steps 
to correct the condition. The permittee shall take appropriate action in accordance 
with Special Condition Nos. 15, 17 and 18 if the hydrogen sulfide ambient 
concentration exceeds the specified limits in Special Condition Nos. 15, 17 and 18. ln 
addition, a written report shall be submitted to the Department of Health within five 
(5) days of the occurrence. The report shall include a description of the 
malfunctioning equipment or abnormal operation, the date of the initial failure, the 
estimated resultant emissions, time and duration of the event, and the methods 
utilized to restore normal operations. Compliance with this notification provision 
shall not excuse or otherwise constitute a defense for any violation(s) of this permit, 
law, rule or order which results from the operational upset, equipment failure or 
malfunction. 
14. The permittee shall maintain a 24-hour telephone service to accept calls concerning 
this Authority to Construct. This telephone number must be fully operational prior to 
commencement of construction. 
15. [Should any of the air quality monitoring stations indicate an ambient hydrogen 
sulfide, one-hour average concentration greater than 100 ppb, the permittee shall take 
immediate action to the extent practical to reduce all power plant emissions. Within 
four (4) hours of the exceedance, the permittee shall terminate all power plant 
activities not associated with normal power plant operations and contributing to 
hydrogen sulfide emissions. Following the reduction in project emissions, if the 
monitoring stations still indicate ambient hydrogen sulfide concentrations in excess of 
100 ppb (one-hour average), the permittee shall curtail the power plant operations, 
unless the permittee can conclusively show to the Department of Health that the 
project operations and emissions are not contributing any impact to monitoring site. If 
the ambient hydrogen sulfide concentration is below 100 ppb (one-hour average) after 
the project emissions have been reduced, the permittee shall maintain the emissions at 
this reduced level until such time the Department of Health is assured that the 
' ' ' 
resumption of full activity shall not result in another exceedance of the ambient level 
of 100 ppb (one-hour average).] 
The operation of the 25 MW geothermal power plant during periods of operational 
upsets, equipment failure or malfunctions shall not cause or contribute to an 
exceedance of the hydrogen sulfide ambient level of 100 ppb (including background) on 
a one-hour average at or beyond the project boundary. Should any of the approved air 
quality monitoring stations indicate a hydrogen sulfide ambient concentration greater 
than 100 ppb (including background) on a one-hour average, the permittee shall take 
immediate action terminating, within two (2) hours of the exceedance, all power plant 
activities not associated with normal power plant operations and contributing to 
hydrogen sulfide emissions. Fallowing the reduction in project emissions, if the 
monitoring stations still indicate hydrogen sulfide ambient concentrations in excess of 
100 ppb (including background) on a one-hour average, the permittee shall curtail the 
power plant operations, unless the permittee can conclusively show to the Department 
of Health that the project operations and emissions are not contributing any impact to 
the monitoring site. If the hydrogen sulfide ambient concentration is below 100 ppb 
(including background) on a one-hour average after the project emissions have been 
reduced, the permittee shall maintain the emissions at this reduced level until such 
time the Department of Health is assured that the resumption of full activity shall not 
result in another exceedance of the hydrogen sulfide ambient level of 100 ppb 
(including background) on a one-hour average. 
The permittee shall submit a written report to the Department of Health within [two 
(2)] five (5) days of the occurrence. The report shall include the date, time and 
duration of the exceedance, the estimated project emissions and any other emission 
sources that may have contributed to the exceedance, and all corrective measures and 
actions taken to reduce project emissions to a minimum. Compliance with this 
notification provision shall not excuse or otherwise constitute a defense for any 
violation(s) of this permit, law, rule or order. 
16. [The operation of the 25 MW geothermal power plant during periods of operational 
upsets, equipment failure or malfunctions shall not cause or contribute to an 
exceedance of the hydrogen sulfide ambient level of 100 ppb on a one-hour average at 
or beyond the project boundary.] 
17. During those periods of normal power plant and normal wellfield operatiors, the 
combined emissions of hydrogen sulfide from the 25 MW geothermal power plant 
(A-834) and associated wellfield (A-833) shall not cause an increase in the [ambient] 
hydrogen sulfide ambient concentrations in excess of 5 ppb [(one-hour average)] 
(above background) on a one-hour average at or beyond the project boundary as 
monitored at any of the approved air quality monitoring stations and so identified in 
the monthly monitoring report. [During those periods when geothermal well drilling, 
well flow testing, or emergency steam release may be occurring, whether separately, 
in any combination, or whether in combination with periods of normal power plant or 
wellfield operation, the combined emissions of hydrogen sulfide from these sources 
shall not cause an increase in the ambient hydrogen sulfide concentration in excess of 
25 ppb (one-hour average) above background at or beyond the project boundary.] As 
used in this context, a normal power plant operation is a power plant which is 
operating without any upsets, equipment failure, malfunction or which is otherwise 
operating normally. A normal wellfield operation is a wellfield in which no well 
drilling, flow testing, or venting activities are occurring and where the completed 
wells are not experiencing any equipment failure or malfunction and are either shut-in, 
being used as an i<Jjedion well, or connected to a sound geothermal resource 
distribution system. 
18. [For any ambient hydrogen sulfide concentrations in excess of 5 ppb (one-hour 
average) above background as indicated by any air quality monitoring station, the 
permittee has the burden of proving that operation of the 25 MW geothermal power 
plant and wellfield did not cause the hydrogen sulfide impact in excess of 5 ppb (one-
hour average), or proving that the power plant or wellfield had experienced an 
operational upset, equipment failure, malfunction or as otherwise not operating 
normally. For any ambient hydrogen sulfide concentration in excess of 25 ppb (one-
hour average) above background as indicated by any air quality monitoring station, the 
permittee has the burden of proving that operation of the 25 MW geothermal power 
plant and wellfield did not cause the hydrogen sulfide concentration in excess of 25 
ppb (one-hour average), or proving that the measured impact occurred during the 
vertical venting of a geothermal well or cleanout of the steam production pipelines.] 
Excluding periods of well venting and pipeline cleanout, the combined emissions of 
hydrogen sulfide from the 25 MW geothermal power plant (A-834) and associated 
wellfield (A-833) shall not cause an increase in the hydrogen sulfide ambient 
concentration in excess of 25 ppb (above background) on a one-hour average at or 
beyond the project boundary as monitored at any of the approved air quality 
monitoring stations and so identified in the monthly monitoring report. 
Should any of the approved air quality monitoring stations indicate a hydrogen sulfide 
ambient concentration greater than 25 ppb (above background) on a one-hour average, 
the permittee shall immediately notify the Department of Health and the Hilo District 
Health Office and shall cease all geothermal well drilling with aerated mud or aerated 
water, well flow testing, and scheduled project maintenance, and shut-in those wells 
experiencing equipment failure or malfunction, which result in emissions of hydrogen 
sulfide. The affected well drilling, flow testing, scheduled maintenance, and well 
equipment repair shall be allowed to proceed only after the permittee has 
satisfactorily demonstrated to the Department of Health that the hydrogen sulfide 
emissions from the affected well drilling, flow testing, scheduled maintenance, well 
equipment or power plant repairs, power plant emergency steam release, or normal 
power plant operation, whether separately or in any combination, did not or will not 
cause an increase in the hydrogen sulfide ambient concentration in excess of 25 ppb 
(above background) on a one-hour average. 
19. During normal power plant operations, the hydrogen sulfide emissions from the 25 MW 
geothermal power plant shall not exceed one pound per hour (three-hour average). 
During periods of malfunction or regularly scheduled maintenance, best available 
control technology shall be applied for the hydrogen sulfide emissions. 
20. The Department of Health may at any time with reasonable cause, request the 
permittee to install, operate, and maintain emission monitors to continuously measure 
and record the hydrogen sulfide and isopentane emissions at any specified location in 
the power plant. 
REF:WL-KO 
r.lr. Duane Kanuha, Director 
Planning Department 
County of Bawaii 
25 Aupuni Street, Room 109 
Hilo, Hawaii 96720 
l ' 
Dear Mr. Kabrlha':' ·· 
' I 
WR 2~ !990 
This is in reference to your letter of February 2?, 1990 proposing 
the establishment of a technical task force to expedite the joint :review 
of environmental monitoring programs associated with geothermal develop-
ment activities. 
I support your proposal e.nd have authorized my staff to nPsist you 
in whatever way possible in your review of the monitoring programs 
submitted by Puna Geothermal Venture. 
Please contact Man11bu Tagomorl, Deputy Director, at 548-7533 to 
coordinate the meetings of the task force. 
l ' 
' 
WII.LIMT W. PATY 
MT:DN:GSM:ko 
r 
'' 
( ) · I ,. ~ 
. ' • !: l ! 
Planning Department 
25 Aupuni Sueet, Rm. JO~ • Hilo, Hawaiit&?IW ;o t!$P&} ,;61-.8fi'IJ · 
- ... '{ 
·:. :, u 
Mr. William Paty, Chairman 
Board of Land and Natural Resources 
P. 0. Box 621 
Honolulu, HI 96804 
Dr. John c. Lewin, Director 
Department of Health 
P. o. Box 3378 
Honolulu, HI 96801 
Dear ~~nd D"'"'.-7"1"AI ~ 
Geothermal Resource Permit No. 2 
I <) ;; 
Bernard K. Akana 
Mayor 
Duane I<anuha 
Director 
William L. Moore 
Deputy Director 
February 22, 1990 
Puna Geothermal Venture {PGV) - 25 MW {net) Development 
Kapoho, Hawaii TMK: 1-4-01: por. 2, 3, por. 19, & 58 
Geothermal Resource Permit No. 2 issued by our Planning 
Commission included several conditions which requires PGV to submit 
monitoring programs to the Planning Department for review and 
approval. These conditions also require the Planning Department to 
consult with the Department of Health and Department of Land and 
Natural Resources on these monitoring programs. We have recently 
received a Noise Monitoring Program, a Hydrologic Monitoring 
Program, and a Meteorological and Air Quality Monitoring Program 
from PGV. 
I propose the establishment of a technical task force to 
expedite the joint review of such programs. Our staff {Planning, 
DOH, & DLNR) have already met at +east once in response to PGV's 
request prior to this recent subm~tal. I propose that the staff 
involved at this earlier meeting continue in this effort. 
~ . 
Mr. William Paty 
Dr. John C. Lewin 
February 22, 1990 
Page 2 
For the immediate task, I would like to suggest the following: 
Rodney Nakano, Hawaii County Planning 
Dean Nakano, DOWALD 
Wilfred Nagamine, DOH-Air 
Chauncey Heu, DOH-Water 
Tom Anamizu, DOH-Noise 
It is my understanding that PGV has already distributed some of 
these programs to the above named staff. My staff will contact each 
of them to coordinate the review and to initiate a joint review 
session, if necessary. I am hopeful that both of you will find this 
proposal to be acceptable and will authorize your appropriate staff 
to this end. 
Please call me as soon as possible if there are any questions. 
Sincerely, 
~,W 
Planning Director 
RKN:aeb 
JOHN WAIHEE 
GOVER"'IR OF HAWAIJ 
;; L :; 
Mr. Maurice A. Richard 
STATE OF HAWAII 
DEPARTMENT OF HEALTH 
P. 0. BOX 3378 
HONOLULU, HAWAII 96801 
Harch 16, 1990 
Hawaii Regional Development Manager 
Puna Geothermal Venture 
101 Aupuni Street, Suite 1014-B 
Hilo, Hawaii 96720 
Dear Mr. Richard: 
SUBJECT: PUNA GEOTHEID1AL VENTURE PROJECT 
UNDERGROUND INJECTION CONTROL (UIC) 
UIC APPLICATION NO. UH-1529 
JOHN C. LEWIN, M.D. 
OI~ECTO~ OF HEALTH 
In reply, please refer to: 
EPHSO 
This is to inform you that the Department of Health has completed its 
review of your preliminary application and has determined that the conditions 
for the granting of approval to construct up to three (3) dedicated injection 
wells and up to nine (9) production/injection wells at the subject facility 
have been satisfied. Therefore, you are hereby granted approval to construct 
the proposed injection wells as indicated in your preliminary plans. You are 
requested to notify the Safe Drinking Water Branch within 24 hours of the 
commencement and completion of construction activities. Unless construction is 
commenced within 180 days from the date of this letter, this approval to 
construct shall be terminated other applicable state and federal statutes and 
rules must also be complied with before construction may begin. Copies of this 
approval and the preliminary application must be kept on the construction site 
for inspection by department personnel. 
Please be advised that this approval to construct does not constitute a 
permit to operate the injection facility upon completion of construction. The 
issuance of a UIC permit to operate will be based on the satisfactory review 
and acceptance of the following items: 
1. A registered professional engineer or qualified geologist report 
(hereinafter "report") which includes the data and results of the 
injection tests. 
2. A Hydrologic (groundwater) Monitoring Program (HMP). 
3. A production well and injection well Casing Monitoring Program 
(CMP). 
Mr. Maurice A. Richard 
Page 2 
March 16, 1990 
The report as outlined in the application instructions under the heading 
"C.onstruction of New Wells or Modification of Existing Wells" should be 
submitted following the construction and testing of the injection wells. 
The department acknowledges the submittal of your hydrologic monitoring 
program (HMP) as prepared by Science Applications International Corporation. 
The HMP is currently being reviewed by the Safe Drinking Water Branch. Upon 
completion of the review, the department's comments will be submitted to you. 
The department anticipates the submittal of your CMP as it will relate 
to the protection of the groundwater quality of the shallow aquifer. Your CMP 
will also be reviewed by the Division of Water and Land Development as it does 
relate to their regulations on geothermal activity. 
If you have_any questions regarding the processing of your application, 
please contact the Safe Drinking Water Branch at telephone 543-8258. 
CH:la 
cc: 1) 
-· 
Rodney Nakano 
Planning Commission 
25 Aupuni Street 
_Hi1o, Hawaii 96720 
,_..,··"'~·; . Dean Nakano ·,') 
/ Division of Water ancj/Land (~ '---------~-~------/',.. 
-------~- ---
Sincerely, 
~~?L<-- <_ -Ji.L 
~ES K. IKEDA, Acting Chief 
Environmental Management Division 
Development 
~ ,· J " • 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
101 Aupuni Street, Suite 1 014-B 
Hilo, Hawaii 96720 
Dear Mr. Richard: 
February 6, 1990 
Subject: Authority to Construct (ATC) No. A-633-795 
Application for A TC No. A-633 
Expiration Dale: February 1, 1992 
90-A52 
File #633 
An Authority to Construct in accordance with Administrative Rules, Title 11, Chapter 60, 
is hereby issued to Puna Geothermal Venture for Fourteen (14) Geothermal Exploratory/ 
Developmental Wells located at ~K: 1-4-<!1 :2, 1-4-<!1 :3, 1-4-<!1 :56 and 1-4-<!1: 19, Kilauea Lower 
East Rift Zone, Puna. HawaJl. The issuance of this permit is based on the plans, specifications, 
and additional Information that you submitted as part of your application dated March 24, 1969 
and the subsequent information submitted on June 9, 1989. 
Although the Authority lo Construct application is for the construction of 30 geothermal 
wells over the life of the project, the subject Authority to Construct permit authorizes the 
construction of only 14 geothermal wells which have been deemed necessary to initially supply 
and support the power plant operating at maximum capacity. Authority to Construct 
application(s) for additional geothermal wells should be submitted as the needs are identified. 
The Authority to Construct is issued subject to the conditions set forth in Attachments I 
and II. 
Also enclosed is Form AS-P-3, Application for Permit lo Operate a Facility. Please 
submit this application with the applicable filing lee sixty (60) days prior to each well being 
connected and becoming a part of a distribution system which supplies geothermal resource to 
a power plant or facility. In addition, you must submit to the Department iri writing the 
notification of completion of construction. The Authority to Construct must remain in effect until 
the Permit to Operate is granted or denied for the fourteen (14) geothermal exploratory/ 
developmental wells. 
Enclosures 
cc: fpH~aw=aiJ} 
.. 
ATTACHMENT L STANDARD CONDmONS OF AllniORm' TO CONSTRUCT, NO. A-833-795 
APPUCAllON NO. A-833 
WELIRB.D 
This permit is granted in accordance with the State of Hawaii Administrative Rules, Title 
11, Chapter 60, Air Pollution Control, and is subject to the following standard conditions: 
1. This permit is non-transferable from person to person, from place to place, or from one 
piece of equipment to another. 
2. This permit is automatically void if construction has not begun within one year of the 
date of issuance or if the work involved is suspended for one year or more. 
3. This permit is automatically void when the Permit to Operate is issued or denied for all 
fourteen (14) exploratory/developmental wells. 
4. The facility covered by this permit shall be constructed as specified in the application for 
Authority to Construct. There shall be no deviation unless additional or revised plans are 
submitted to and approved by the Department. 
5. This permit is not a guarantee that the facility will receive a Permit to Operate at the end 
of the construction period, nor does it absolve the holder from the responsibility for the 
consequences of non-compliance with all Rules, Regulations, and Orders of the 
Department. 
6. This authority, (a) shall not in any manner affect the title of the premises upon which the 
equipment is to be located, (b) does not release the permittee from any liability for any 
loss due to personal injury or property damage caused by, resulting from or arising out 
of the design, installation, maintenance, or operation of the proposed equipment, (c) 
does not release the permittee from compliance with other applicable statutes of the 
State of Hawaii, or with applicable local laws, regulations, or ordinances, and (d) in no 
manner implies or suggests that the Department, or its officers, agents, or employees, 
assumes any liability, directly or indirectly, for any loss due to personal injury or property 
damage caused by, resulting from or arising out of the design, installation, maintenance, 
or operation of the proposed equipment. 
7. The Department is to be notified promptly in writing upon completion of the construction 
or installation of any equipment lor which an Authority to Construct has been issued. 
ATIACHMENT II. SPEClAL CONDmONS OF AVTl-IORilY TO CONSTRUCT, NO. A-833-795 
APPUCAllON NO. A-£33 
WEI.lFIELD 
In addition to the standard conditions of the Authority to Construct, this permit is subject to 
the following special conditions: 
1. The permit conditions prescribed herein may at any time be revised by the Department of 
Health to conform to any Federal or State promulgated air quality rules on geothermal 
facilities. 
2. This Authority to Construct is for fourteen (14) geothermal exploratory/developmental wells 
to be drilled in TMK: 1-4-Q1 :2, 1-4-Q1 :3, 1-4-01:58 and 1-4-01:19, Kilauea Lower East Rift 
Zone, Puna, Hawaii. Written notification must be submitted to and approval obtained with 
minimal delay from the Department of Health prior to commencement of construction of 
each well. Each notification shall include a drawing identifying the well location, the 
property boundary, access roads approaching and traversing the property, the location of 
the nearest residence, and the locations of the air quality monitoring stations. The status 
of all previous constructed wells shall be provided including a clear description of the 
measures taken to shut-in the well. Additional information may be requested of the 
permittee. 
3. The Department of Health shall act on a Permit to Operate Application prior to any well 
approved under this permit being connected and becoming a part of a distribution system 
which supplies geothermal resource to a power plant or facility. Additional permit 
conditions may be included in the Permit to Operate. 
4. No geothermal exploratory/developmental wells shall be located within 600 feet of the 
property boundary. If any federal, state or county permit or order stipulates a distance 
greater than 600 feet in which no geothermal wells can be located, the greater distance 
shall so apply. 
5. The permittee shall install, operate, and maintain a minimum of one (1) meteorological and 
three (3) air quality monitoring stations. The monitoring stations required in any permit for 
the 25 MW power plant may be used towards fulfilling this requirement. 
Prior to the commencement of construction of each of the fourteen (14) wells, the 
permittee shall submit for the Department of Health's approval the siting of the air quality 
and meteorological monitoring stations. The air quality and meteorological monitoring 
stations shall be fully operational prior to the commencement of drilling operations. The 
permittee shall maintain a file of all measurements, including the monitoring system 
performance evaluations; calibration checks; and adjustments and maintenance performed 
on the system or devices. The measured data shall meet U.S. EPA capture requirements 
and quality assurance guidelines. At a minimum, a quality assurance check shall be 
conducted on each monitoring station every-other-day. 
The air quality monitors shall be equipped with an alarm system or an acceptable 
equivalent system that will immediately notify the permittee of ambient hydrogen sulfide 
concentrations in excess of 25 ppb and 100 ppb on a one-hour average. The permittee 
shall immediately notify the Department of Health and the Hilo District Health Office of any 
exceedance above 100 ppb. 
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Two (2) copies of the data file in a format acceptable to the Department of Health shall be 
submitted on an annual basis. The data file shall be in a format that can be utilized by a 
personal computer for ready extraction of data. The air quality and meteorological data 
shall be summarized and submitted monthly in writing to the Department of Health. 
Additional information on the monitoring stations and on the data collected shall be 
submitted upon request by the Department of Health. 
6. At the discretion of the Director of Health, the permittee may at any time be required to 
install, operate, and maintain additional air quality and meteorological monitoring stations, 
but only after due notice to the permittee on the reasons for the proposed change and 
providing the permittee an opportunity to respond within seven (7) days. 
7. The permittee shall notify the Department of Health in writing at least two (2) working days 
prior to the commencement, and within two (2) working days after the completion of the 
aerated mud or aerated water drilling, well venting, and flow testing operations, for each 
geothermal well. 
a. Upon completion of flow testing operations, each geothermal well shall be shut-in or 
otherwise prevented from discharging to the atmosphere in accordance with appropriate 
standards of operation and maintenance and at no time be placed on continuous or 
standby bleed status. 
9. Occasional flaring of excess hydrogen sulfide gas from the completed wells is prohibited 
unless such flaring is necessary to insure well integrity or safety and is conducted in such 
a manner that no stale or national ambient air quality standards for sulfur dioxide are 
exceeded. Records shall be maintained on all flaring episodes, and shall include, as a 
minimum, the dale, time and duration of the event, probable causes of the excess gas 
buildup, and the estimated emissions of sulfur dioxides detennined through either direct or 
indirect measurements. The records shall be in a permanent form suitable for inspection 
and shall be retained for at least three (3) years following the date of such records. The 
permittee shall submit a written report monthly to the Department of Health on the flaring 
episodes which demonstrates compliance with the requirements of this condition. If flaring 
occurs frequently or routinely, the permittee shall install. operate, and maintain ambient 
sulfur dioxide monHors at each air quality monitoring station and comply with all 
recordkeeping requirements in accordance with Special Condition No. 5. 
10. All access roads into the property shall be limited to authorized personnel only. Twenty· 
four hour staffing shall be in place during construction. 
11. The permittee shall have proper safety devices on-site at least three days prior to 
commencement of air drilling. A minimum of three breathing apparati shall be available at 
the site and maintained by a qualified person/contractor. Wind socks shall be placed at 
two opposite edges of the drill site and on the drill floor. At least one person with certified 
hydrogen sulfide training to respond to hydrogen sulfide emergency episodes shall be on· 
site at all times. 
12. Hydrogen sulfide abatement equipment with a minimum of 3,000 gallons of sodium 
hydroxide shall be on the property prior to the initiation of flow testing operations. 
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Chemical storage tanks shall be maintained with sodium hydroxide at all times with no 
tess than a three-day operating supply. 
13. The permittee shall monHor the hydrogen sulfide concentration and emission rate 
continuously in the steam by use of an electrochemical type sensor and recorder during 
the flow testing operations. If the abated hydrogen sulfide emission rate increases to five 
(5.0) pounds per hour or more, the permittee shall cease operations and shut-in the well. 
The Department of Health shall be so notified and the problem corrected before testing 
operations can continue. 
During periods of equipment failure or malfunction which result in hydrogen sulfide 
emissions, the permittee shall apply best available control technology for the air emissions 
and shall so notify the Department of Health within one (1) hour of the occurrence. The 
permittee shall immediately take steps to correct the condition. If repairs cannot be 
accomplished within twenty-four (24) hours of the occurrence, the permittee shall cease 
operations and shut-in the well. Within five (5) days of the occurrence, a report shall be 
submHted to the Department of Health in accordance with Hawaii Administrative Rules, 
Section 1 1 -so-1 4. 
14. Wet chemical tests for the determination of the hydrogen sulfide concentrations shall be 
conducted and recorded on a daily basis during all phases of the flow testing operations. 
1 5. The following data shall be recorded during the flow testing operations: 
a. At least four times per 24-hour period, hydrogen sulfide ppm upstream from the 
injection system. 
b. At least four times per 24-hour period, injection rate of sodium hydroxide. 
c. At least four times per 24-hour period, hydrogen sulfide emission rate (lbs/hr) and 
concentration (ppm) downstream, after chemical injection. 
d. Daily, zero and span check of hydrogen sulfide sensor. 
e. Weekly, calibration check of hydrogen sulfide sensor. 
f. Daily, the quantity of sodium hydroxide remaining in the abatement equipment storage 
tanks. 
Additional entries will be made when significant changes in the resource occurs and when 
changes are made in injection rates of sodium hydroxide. 
The aforementioned daily records a., b., and c. shall also be reported daily to the 
Department of Health by telephone no later than noon of the following work day. The 
Department of Health may at any time request additional data or revise the frequency of 
this daily telephone reporting requirement. 
The records shall be kept at the well location at all times during the drilling and flow 
testing operations and shall be made available upon request by the Department of Health 
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or its duly authorized representative. Copies or summaries of tt.e records shall be 
provided within a reasonable time upon request by the Department of Health. The records 
shall be retained for at least three years following the date of such records. 
16. The permittee shall maintain a 24-hour telephone service to accept calls concerning this 
Authority to Construct. This telephone number must be operational prior to 
commencement of construction. 
17. The permittee shall utilize mud drilling techniques to the extent possible during the well 
drilling operations. In no case shall air drilling be used in the construction of the 
geothermal well. The drilling with aerated mud or aerated water may be used in lieu of 
mud drilling, but should be minimized to the extent practical. Should any inadvertent 
releases of steam occur during the drilling operations, the drilling fluid weight shall be 
immediately increased to stop the steam flow. In no case shall any inadvertent steam 
releases exceed seven (7) minutes in duration in any one hour. If the inadvertent steam 
releases cannot be controlled by increasing the fluid weight or exceeds seven (7) minutes 
in duration, the permittee shall take immediate action to shut-in the well. 
Records of each steam release incident shall be maintained and include as a minimum, 
date, time and duration of the incident, the estimated resultant emissions, and any 
corrective measures taken. The records shall be in a permanent form suitable for 
inspection, shall be made available upon request by the Department of Health, and shall 
be retained for at least three (3) years following the date of such records. 
1 a. Steam production rates and hydrogen sulfide concentrations shall be measured to 
determine hydrogen sulfide emissions in pounds per hour. A sodium hydroxide treatment 
mole ratio of 4 to 1 (NaOH/H2S) will be used initially and the abatement efficiency 
monitored. The optimum mole ratios will be determined during the hydrogen sulfide 
abatement operations. A specific chemical treatment plan shall be submitted to the 
Department of Health prior to the commencement of flow testing. A copy of the plan shall 
be maintained at the site at all times and supervisory personnel shall be aware of its 
provisions at all times. 
19. The permittee shall promptly notify the Department of Health should any toxic emissions 
be encountered of public health concern and where dispersion into the ambient air was 
the mitigative action. 
20. The permittee shall pertorm once on each well, testing and analyses for all of the following 
constituents of the steam condensate, steam, particulates and/or gases emanating from 
each well: 
STEAM CONDENSATE/TOTAL STEAM 
Benzene 
Ammonium (Total) 
Arsenic 
Lead 
Cadmium 
Bicarbonate and Carbonate 
Sulfates 
GAS PHASE 
Benzene 
Hydrogen Sulfide 
Ammonia 
Radon 222 and 
daughters 
Mercury Vapor 
Methane 
ATTACHMENT II. ATC NO. A-833-795 
W8.l.F1BD 
Page 5 
STEAM CONDENSATE/TOTAL STEAM 
Chlorides 
Nitrates 
Boron (Total) 
Hydrogen Sulfide (Total) 
Fluorides (Total) 
Total Sulfur 
Mercury (Total) 
pH 
Total Dissolved Solids 
Total Suspended Solids 
Percent Noncondensibles 
GAS PHASE 
Non-Methane Hydro-
carbons 
Carbon dioxide 
Sulfur dioxide 
NESHAPS-
pollutants as · 
requested 
21. The drilling rig diesel engine generators and pumps shall be fired only on diesel fuel oil 
no. 2 with a maximum sulfur content not to exceed 0.5 percent by weight. The permittee 
shall maintain. records on the total amount of fuel oil consumed by all the diesel engines 
for the drilling of each well. The total gallons of fuel oil consumed shall be submitted to 
the Department of Health at the completion of each well. 
22. Unabated well venting shall be allowed only after the permittee has checked with the 
National Weather Service and is assured of meteorological conditions appropriate for good 
dispersion and minimal air quality impact. In no case shall the well venting commence if 
the average wind speed at the well site is less than 4 meters per second. Prior to well 
venting, the Department must be informed in writing a minimum of two (2) days prior to 
commencement and so concur. The public shall be notified a minimum of 24-hours in 
advance by notices in the newspapers of general circulation in Hawaii County. In 
addition, the permittee shall make a reasonable effort to notify all residents living within 
3,500 feet of the permittee's property boundary a minimum of 24-hours in advance of open 
venting of each well and pipeline cleanout. In preparation for flow testing, each well shall 
be allowed to open vent only during the daytime and no more than a total of four (4) 
hours. 
In no case shall any well venting coincide with any pipeline cleanouts or well flow testing 
operations, or commence if the power plant emergency steam release facility is being 
utilized. If emergency steam releases from the power plant occur during the venting of 
any well, venting of that well shall be terminated as quickly as practical. 
23. Should any of the air quality monitoring stations indicate an ambient hydrogen sulfide, 
one·hour average concentration greater than 100 ppb, the permittee shall take immediate 
action to the extent practical to reduce all wellfield emissions. Within four (4) hours of the 
exceedance, the permittee shall reduce all wellfield hydrogen sulfide emissions associated 
with wellfield construction operations, including but not limited to drilling, flow testing, 
venting, etc., by a minimum of 50 percent of the level during the event. Following the 
reduction in project emissions, if the monitoring stations still indicate ambient hydrogen 
sulfide concentrations in excess of 100 ppb (one-hour average), the permittee shall cease 
all drilling operations and shut-in all wells under construction, unless the permittee can 
conclusively show to the Department of Health that the project operations and emissions 
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are not contributing any impact to monitoring site. If the project emissions have been 
reduced, the permittee shall maintain the emissions at this reduced level until such time 
the Department of Health is assured that the resumption of full activity shall not result in 
another exceedance of the ambient level of 1 DO ppb (one-hour average). 
The permittee shall submit to the Department of Health a written follow-up report within two 
(2) days of the occurrence .. The report shall include the date, time and duration of the 
exceedance(s), the status of all project operations during the exceedance, the estimated 
project emissions and any other emission sources that may have contributed to the 
exceedance, and all corrective measures and actions to reduce project emissions to a 
minimum. Compliance with this notification provision shall not excuse or otherwise 
constitute a defense to any violation(s) of this permit or of any law or regulations. 
24. The drilling, flow testing, and venting operations of any of the fourteen (14) geothermal 
exploratory/developmental wells shall not cause or contribute to an exceedance of the 
hydrogen sulfide ambient level of 100 ppb on a one-hour average at or beyond the project 
boundary. 
25. The permittee may be required to install a control system acceptable to the Department of 
Health for the rapid throttling of steam flow and well shut-in on each developmental well 
prior to the well being connected to a resource distribution system. The requirement for a 
control system may be so specified in the subsequent Permit to Operate. 
26. To prevent well blowouts, the permittee shall employ good drilling practices with proper 
blowout prevention equipment and experienced personnel in the drilling of the 
exploratory/developmental wells. Drilling supervisors shall be certified in blowout 
prevention at a minimum of once every two years by a recognized training center. In the 
unlikely event of a well blowout, the permittee shall immediately proceed with measures to 
kill or gain control of the well and notify the Department of Health. 
The permittee shall submit to the Department of Health a written report within five (5) days 
of the blowout. The report shall include, as a minimum, the probable cause of the 
blowout, the actions that have or will be taken, the estimated time before the well is 
controlled, an analysis of the air quality impact from the unabated emissions, and a 
monitoring plan to determine the actual air quality impact resulting from the blowout. A 
status report shall be submitted to the Department of Health on a weekly basis until such 
lime the control of the well is established. 
27. During those periods of normal power plant and wellfield operation, the combined 
emissions of hydrogen sulfide from the 25 MW geothermal power plant and associated 
wellfield shall not cause an increase in the ambient hydrogen sulfide concentration in 
excess of 5 ppb (one-hour average) above background at or beyond the project 
boundary. During those periods when geothermal well drilling. well flow testing, or 
emergency steam release may be occurring, whether separately, in any combination, or 
whether in combination with periods of normal power plant or wellfield operation, the 
combined emissions of hydrogen sulfide from these sources shall not cause an increase in 
the ambient hydrogen sulfide concentration in excess of 25 ppb (one-hour average) above 
background at or beyond the project boundary. 
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28. For any ambient hydrogen sulfide concentration in excess of 5 ppb (one-hour average) 
above background as indicated by any air quality monitoring station, the permittee has the 
burden of proving that operation of the 25 MW geothermal power plant and wellfield did 
not cause the hydrogen sulfide impact in excess of 5 ppb (one-hour average), or proving 
that the power plant or wellfield had experienced an operational upset, equipment failure, 
malfunction or was otherwise not operating normally. For any ambient hydrogen sulfide 
concentration in excess of 25 ppb (one-hour average) above background as indicated by 
any air quality monitoring station, the permittee has the burden of proving that operation of 
the 25 MW geothermal power plant and wellfield did not cause the hydrogen sulfide 
concentration in excess of 25 ppb (one-hour average), or proving that the measured 
impact occurred during the vertical venting of a geothermal well or cleanout of the steam 
production pipelines. 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
101 A upuni Street, Suite 1014-3 
Hilo, Hawaii 96720 
Dear Mr. Richard: 
February 6, 1990 
Subject: Authority to Construct (ATC) No. A-834-796 
Application for ATC No. A-834 
Expiration Date: February 1, 1992 
90-A51 
File f.834 
An Authority to Construct in accordance with Administrative Rilles, Title 11, 
Chapter SO, is hereby issued to Puna Geothermal Venture for a 25 MW Geothermal Power 
Plant located at TMK: l-4-ol:2 and l-4-o1:19, Kilauea Lower East Ri!t Zone, Puna, 
Hawaii. The issuance of this permit is based on the ;:>lens, specifications, and additional 
information that you submitted as part of your ap;:>lication dated !11arch 24, 1989 and the 
subsequent information submitted on June 9, 1987. 
The Authority to Construct is issued subject to the conditions set forth in 
Attachments I andll. 
Also enclosed is Form AS-P-3, Application for Permit to Operate a Facility. Please 
submit this application with the applicable filing fee sixty (60) days before the end of 
construction. In addition, you must submit to the Department in v.Titing the notification of 
completion of construction. The Authority to Construct must remain in effect until the 
Permit to Operate is granted or denied. 
Enclosures 
cc: ·DRsA-; Hawaii'' 
VQerv tr~i ~ours, 
~ .~;. ··0~,-~ 
, .. I j 
JO:;(JC. E\I'!N, M.D. 
Director of Heel th 
ATTACHMENT I. STANDARD CONDmONS OF AUTHORITY TO CONSTRUCT, 
NO. A-834-796 
APPLICATION NO. A-834 
POWER PLANT 
This permit is granted in accordance with the State of Hawaii Administrative Rules, 
Title 11, Chapter 60, Air Pollution Control, and is subject to the following standard 
conditions: 
1. This permit is non-transferable from person to person, from place to place, or from 
one piece of equipment to another. 
2. This permit is automatically void if construction has not begun within one year of the 
date of issuance or if the work involved is suspended for one year or more. 
3. This permit is automatically void when a Permit to Operate is issued or denied. 
4. The facility covered by this permit shall be constructed as specified in the application 
for Authority to Construct. There shall be no deviation unless additional or revised 
plans are submitted to and approved by the Department. 
5. This permit is not a guarantee that the facility will receive a Permit to Operate at the 
end of the construction period, nor does it absolve the holder from the responsibility 
for the consequences of non-compliance with all Rules, Regulations, and Orders of the 
Department. 
6. This authority, (a) shall not in any manner affect the title of the premises upon which 
the equipment is to be located, (b) does not release the permittee from any liability 
for any loss due to personal injury or property damage caused by, resulting from or 
arising out of the design, installation, maintenance, or operation of the proposed 
equipment, (c) does not release the permittee from compliance with other applicable 
statutes of the State of Hawaii, or with applicable local laws, regulations, or 
ordinances, and (d) in no manner implies or suggests that the Department, or its 
officers, agents, or employees, assumes any liability, directly or indirectly, for any 
loss due to personal injury or property damage caused by, resulting from or arising out 
of the design, installation, maintenance, or operation of the proposed equipment. 
7. The Department is to be notified promptly in writing upon completion of the 
construction or installation of any equipment for which an Authority to Construct has 
been issued. 
8. The operation of this equipment is sanctioned by this Authority to Construct provided 
that the permittee has completed the following: 
(a) Submittal of written notification of completion of construction or installation to 
the Department; 
(b) Submittal of Permit to Operate Application, Form AS-P-3, to the Department; 
and 
(c) Adherence to all applicable "special conditions" as included in the Authority to 
Construct. 
ATIACHMENT ll. SPECIAL CONDmONS OF AUTHORITY TO CONSTRUCT, 
NO. A-834-796 
APPLICATION NO. A-834 
POWER PLANT 
In addition to the sta.'lciard conditions of the Authority to Construct, this permit is 
subject to the following special conditions: 
1. The permit conditions prescribed herein may at any time be revised by the Department 
of Health to conform to any Federal or State promulgated air quality rules on 
geothermal facilities. 
2. The total fug-itive isopentane emissions from all ten (10) Ormat Energy Converter 
(OEC) modules shall not exceed 0.4 lbs/hr or exceed 1000 ppm from any seal, flange, 
valve or any other fugitive emission point when measured from a distance of two (2) 
inches from the point. The permittee shall perform measurements on all fugitive 
isopentane emission points, as a minimum, on a weekly basis. The permittee shell take 
immediate corrective actions upon identifying any isopentane emissions in excess of 
1000 ppm when measured from a distance of two (2) inches. 
3. Records shall be maintained on all isopentane emission measurements, the amount of 
gallons of isopentane purchased, the amount of isopentane transferred to and from the 
OEC modules, and the amount of isopentane released to the atmosphere. The records 
shall be in a permanent form suitable for inspection, shall be made available upon 
request by the Department of Health, and shall be retained for at least three (3) years 
following the date of such records. A report on the amount of isopentane released to 
the atmosphere shall be submitted to the Department of Health on an annual basis. 
4. The geothermal fluids injection system shall include at least two (2) geothermal 
injection wells, a spare fluid pump, and a spare noncondensable gas compressor. The 
backup injection system equipment shill be maintained in good operatLTJg condition at 
all times and shall be utilized immediately upon identification of any malfunctioning 
equipment. 
In the event of an equipment malfunction or upset condition which results in a 
situation where the two geothermal injection wells are not capable of handling the 
total geothermal resource being utilized by the power plant, the power plant 
production and the associated geothermal resource being used shall be immediately 
reduced accordingly to the handling capacity of the two injection wells. 
5. The diesel engine generator and the diesel firewater pump shall be fired only on diesel 
fuel oil no. 2 with a maximum sulfur content not to exceed 0.5% by weight. 
6. Pipeline cleanouts shall be allowed only after the permittee has checked with the 
National Weather Service and is assured of meteorological conditions appropriate for 
good dispersion and minimal air quality impact. In no case shall any pipeline cleanout 
commence if the average wind speed at the pipeline exhaust site is less than four (4) 
meters per second. In no case shall any pipeline cleanout coincide with any well 
venting, well flow testing, or well drilling with aerated water or aerated mud. Prior to 
any pipeline cleanout, the Department of Health must be informed in writing, a 
minimum of two (2) days prior to commencement and so concur. The public shall be 
notified a minimum of 24-hours in advance by notices in the newspapers of general 
circulation in Hawaii County. In addition, the permittee shall make a reasonable 
effort to notify all residents living within 3,500 feet of the permittee's property 
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boundary a minimum of 24-hours in advance of any pipeline cleanout. Each pipeline 
cleanout shall not exceed 20 minutes in duration and shall occur only in the daytime. 
7. The permittee shall install, operate, and maintain a minimum of one (1) meteorological 
and three (3) air quality monitoring stations. The monitoring stations required in any 
permit for the wellfield may be used towards fulfilling this requirement. Prior to the 
commencement of construction, the permittee shall submit for the Department of 
Health's approval the siting of the air quality and meteorological monitoring stations. 
The air quality and meteorological monitoring stations shall be fully operational prior 
to the commencement of plant operations. The permittee shall maintain a file of all 
measurements, including the monitoring system per:formance evaluations; calibration 
checks; and adjustments and maintenance performed on the system or devices. The 
measured data shall meet U.S. EPA capture requirements and quality assurance 
guidelines. As a minimum, a quality assurance check shall be conducted on each 
monitoring s_tation every-other-day. 
The air quality monitors shall be equipped with an alarm or acceptable equivalent 
system that will immediately notify the permittee of ambient hydrogen sulfide 
concentrations in excess of 25 ppb and 100 ppb on a one-hour average. The permittee 
shall immediately notify the Department of Health and the Hilo District Health Office 
of any exceedance above 100 ppb. 
Two (2) copies of the data file in a format acceptable to the Department of Health 
shall be submitted on an annual basis. The data file shall be in a format that can be 
utilized by a personal computer for ready extraction of data. The air'quality and 
meteorological data shall be summarized and submitted monthly in writing to the 
Department of Health. Additional information on the monitoring stations and on the 
data collected shall be submitted upon request by the Department of Health. 
8. At the discretion of the Director of Health the permittee may at any time be required 
to install, operate, and maintain additional air quality and meteorological monitoring 
stations, but only after due notice to the permittee on the reasons for the proposed 
change and providing the permittee an opportlmity to respond within seven (7) days. 
9. All access roads into the permittee's property shall be limited to authorized personnel 
only. Twenty-four hour staffing shall be in place during plant operations. 
10. The emergency steam release facility, consisting of two (2) rock mufflers, chemical 
storage tank(s) and associated equipment, shall be installed, maintained, and be fully 
operational prior to commencement of plant operations. Each rock muffler shall be 
capable of handling a steam flow rate of 570,000 lbs/hr or 100 percent of the total 
power plant steam flow, whichever is greater. 
11. The emergency steam release facility shall only be utilized under one or more of the 
following conditions: 
a) Failure of the electrical transmission lines out of the power plant or some 
incident that tripped all the steam turbines and OEC units; 
.· '-·: .. · . 
. · :·.-· .. 
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b) Complete upset of the geothermal fluid injection system; 
c) Pressure in the steam lines exceeds safety design set points; or 
d) Any upset situation which would otherwise result in a release of unabated steam 
to the atmosphere. 
12. The emergency steam release facility shall be equipped and maintained at all times 
with a minimum three-day operating storage capacity of sodium hydroxide. The 
chemical abatement system shall operate automatically when steam is released 
through the rock muffler(s). The hydrogen sulfide concentrations shall be continuously 
monitored both downstream and upstream of the chemical injection point. A sodium 
hydroxide treatment mole ratio of 4 to 1 (NaOH/HzS) will be used initially and the 
abatement efficiency monitored. The optimum mole ratios will be determined during 
the hydrogel'l sulfide abatement operations. 
Upon utilizing the emergency steam release facility, the permittee shall take 
immediate action to the extent practical to reduce the steam flow and perform the 
necessary corrective actions. The steam flow rate shall be reduced, as a minimum, to 
50 percent of full flow within four (4) hours after initiating the use of the emergency 
steam release facility. 
13. The permittee shall immediately notify the Department of Health of any operational 
upsets, equipment failure or malfunction which would allow an increase in the 
emissions of hydrogen sulfide, particulate matter or isopentane. In addition, a written 
rej?ort shall be submitted to the Department of Health within five (5) days of the 
occurrence. The report shall include a description of the melfunctioning equipment or 
abnormal operation, the date of the initial failure, the estimated resultant emissions, 
time and duration of the event, and the methods utilized to restore normal operations. 
Compliance with this notification provision shall not excuse or otherwise constitute a 
defense for any violation(s) of this permit, law, rule or order which results from the 
operational upset, equipment failure or melfunction. 
14. The permittee shall maintain a 24-hour telephone service to accept cells concerning 
this Authority to Construct. This telephone number must be fully operational prior to 
commencement of construction. 
15. Should any of the air quality monitoring stations indicate an ambie;,t hydrogen sulfide, 
one-hour average concentration greater than 100 ppb, the permittee shall take 
immediate action to the extent practical to reduce all power plant emissions. Within 
four (4) hours of the exceedance, the permittee shall terminate ell power plant 
activities not associated with normal power plant operations and contributing to 
hydrogen sulfide emissions. Following the reduction in project emissions, if the 
monitoring stations still indicate ambient hydrogen sulfide concentrations in excess of 
100 ppb (one-hour average), the permittee shell curtail the power plant operations, 
unless the permittee can conclusively show to the Department of Health that the 
project operations and emissions are not contributing any impact to monitoring site. If 
the ambient hydrogen sulfide concentration is below 100 ppb (one-hour average) after 
the project emissions have been reduced, the permittee shell maintain the emissions at 
.. · ... ~·-·----'--
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this reduced level until such time the De;:>artment of Health is assured that the 
resumption of full activity shall not result in another exceedance of the ambient level 
of 100 ppb (one-hour average). 
The permittee shall sut>mit a written report to the Department of Health within two 
(2) days of the occurrence. The re;:>ort shall include the date, time and duration of the 
exceedance, the estimated project emissions and any other emission sources that may 
have contributed to the exceedance, and all corrective measures and actions taken to 
reduce project emissions to a minimum. Compliance with this notification provision 
shall not excuse or otherwise constitute a defense for any violation(s) of this permit, 
law, rule or order. 
16. The operation of the 25 MW geothermal power plant during periods of operational 
u;:>sets, equipment failure or malfunctions shall not cause or contribute to an 
exceedance of the hydrogen sulfide ambient level of 100 ppb on a one-hour average at 
or beyond the project boundary. 
17. During those periods of normal power plant and wellfield operation, the combined 
emissions of hydrogen sulfide from the 25 MW geothermal power plant and associated 
wellfield shall not cause an increase in the ambient hydrogen sulfide concentrations in 
excess of 5 ppb (one-hour average) above background at or beyond the project 
boundary. During those periods when geothermal well drilling, well flow testing, or 
emergency steam release may be occurring, whether separately, in any combination, 
or whether in combination with ;:>eriods of normal power plant or we!lfield operation, 
the combined emissions of hydrogen sulfide from these sources shall n'ot cause an 
increase in the ambient hydrogen sulfide concentration in excess of 25 ppb (one-hour 
average) above background at or beyond the ;:>roject boundary. 
18. For any ambient hydrogen sulfide concentrations in excess of 5 ;:>pb (one-hour average) 
above background as indicated by any air quality monitoring station, the permittee has 
the burden of proving that o;:>eration of the 25 MW geothermal power plant and 
wellfield did not cause the hydrogen sulfide impact in excess of 5 ppb (one-hour 
average), or proving that the power plant or wellfield had experienced an operational 
upset, equipment failure, malfunction or as otherwise not operating normally. For a."ly 
ambient hydrogen sulfide concentration in excess of 25 ppb (one-hour average) above 
background as indicated by any air quality monitoring station, the permittee has the 
burden of proving that operation of the 25 MW geothermal power plant and wellfield 
did not cause the hydrogen sulfide concentration in excess of 25 ppb (one-hour 
average), or proving that the measured impact occurred during the vertical venting of 
a geothermal well or cleanout of the steam production pipelines. 
19. During normal power plant operations, the hydrogen sulfide emissions from the 25 MW 
geothermal power plant shall not exceed one pound per hour (three-hour average). 
During periods of malfunction or regularly scheduled maintenance, best available 
control technology shall be applied for the hydrogen sulfide emissions. 
20. The Department of Health may at any time with reasonable cause, request the 
permittee to install, operate, and maintain emission monitors to continuously measure 
.• 
... 
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and ree!ord the hydrogen sulfide and isopentane emissions at any specified location in 
the power plant. 
·:,.,...-_ -------: ··-
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IH 11-iE DEPAATh\ENT OF HEAI..ni 
STATE OF HEALTii 
PUNA GEOltiERMAL VENllJRE ) 
25 MH GEOltiERMAL POWER PLA-NT AND WEURELO ) 
STATE A\JltiORfTY TO CONSTRUCT PERMI"ffi ) 
REGULATING ltiE EMISSIONS OF AIR POLLUTANTS ) 
_______________________________ ) 
HEARING OFFlCER'S REPORT 
DOCKET NO. BS-EP..PA-13 
HEARING OFFICER'S REPORT 
Public hearings were con dueled on November 7 and 8, 1 9B9 at the Kailua-Kona Ubrary, 75-139 
Hualalai Road, Kailua-Kona, and UH-Hilo, Campus Center Activities Building, Rooms 305-307, 523 
W. Lanikaula Street, Hilo, Hawaii, respectively. The purpose of the hearings was to consider and 
accept testimonies on Two Draft Permits, Regulating the Emissions of Air Ponutanls, for the Puna 
Geothermal Venture's proposed construction of a 25 MW Geothermal Power Plant and Wenfield. 
The notice announcing the public hearings appeared in the Honolulu Advertiser, West Hawaii 
Today, and Hawaii Tribune Herald on October 6, 1 ses. Public comments and testimonies were 
accepted from the time of the notice until November 1 s, 1 9B9. 
FINDINGS OF FACT 
1. Puna Geothermal Venture proposes to construct a 25 MW (net) geothermal power plant at 
Kilauea Lower East Rill Zone, Puna, Hawaii. 
2. Puna Geothermal Venture proposes to construct fourteen {g) geothermal wens to supply 
and support the initial power plant operations. 
3. The power plant" consisting essentiany of 10 integrated modular generating units, injection 
wens, air-cooled condensers, moisture separators, and vaporizers, is designed to re-inject 
all geothermal fluids produced back into the reservoir. 
4. The power plant wilt incorporate an emergency steam release facility consisting of two (2) 
rock mufflers and caustic injection for utilization during upset conditions. 
·-------·-
--. ---- -- .. 
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s. Puna Geo\hennaJ v.,nture shall install, maintain, and opr. , as a minimum, three (3) air 
quality monhoring stations and one meteorological monhoring station. 
6. During normal operations, the power plant shall not cause an increase in the ambient 
hydrogen sulfide concentrations in excess of 5 ppb (one-hOur average) above background. 
PAR11CIPA11NG Cll1ZENS 
The Department of Health received written testimonies from the following individuals: 
Roger Ulve\ing 
Robert Petricci 
Russell Kokubun 
Karl Kirkendall 
Melissa Kirkendall 
R.W. Salzer 
Michael La Plante 
Greg Plescia 
Ron Phillips 
Steve Slater 
Jane Hedtke 
Jennifer Perry 
Steve Phillips 
Anne Wheelock 
Margaret McGuire 
Lawrence Jones 
Nelson Ho 
James Morrow 
Bonnie Gold 
Jetle Slater 
Steven Moser 
. - ··.·-
Representing 
Director of Business & Economic Development 
Leilani Community Association 
County of Hawaii 
Self 
Self 
Self 
Self 
Self 
Puna Community Council 
Self 
Kapoho Community Association 
Kapoho Grown 
Self 
Self 
Self 
Self 
Sierra Club 
American Lung Association of Ha'-'·aii 
Self 
Self 
Self 
·2-
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WRITTEN IB>TIMONIES 
During the public comment period and a\ the hearing, the Department of Health received numerous 
comments on \he proposed project and two Draft Permits. A brief description of \he written 
comments received and the Department of Health's responses are attached. 
REQUEST FOR CONTESTI:D CASE HEARING 
In addition \o \he written comments, numerous pelilions were filed with the Department of Health 
requesting a contested case hearing. The pelilions and requests were referred to the Department 
of the Attorney General for review, where il was determined that there was no legal mandate lo 
grant such a request under Section 3426-4, Hawaii Revised Statutes. 
CONCLUSION/RECOMMENDATIONS 
This hearing officer feels that the concerns and issues received during the public hearing and the 
public comment period were addressed by the Clean Air Branch staff. Additionally, \he conditions 
imposed in the ATC permits enables the Department to monitor construction activities to ensure the 
protection of public health. Therefore, this hearing officer recommends adoption of the ATC 
permits. 
DATED: Honolulu, Hawa~i __ 'l-_-_t_-_9._{.) ____ _ 
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SK IKEDA 
anng Officer 
JOHN WAIHEE 
GOVEA"'OR OF HAWAII 
WILLIAM W. PATY 
CHAIFlPI':RSO"' 
JOHN C. LEWIN. M.D. 
MICHAEL J. CHUN, Ph.D. 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
COMMISSION ON WATER RESOURCE MANAGEMENT 
ROBERT S. NAKATA 
RICHARD H. COX 
GUY K, FUJIMURA 
P. 0. BOX 621 
HONOLULU, HAWAII 96609 
MANABU TAGOMORI 
January 9, 1990 
MEMORANDUM 
TO: 
FROM: 
SUBJECT: 
Dr. Bruce Anderson, Deputy Director 
Department of Health 
Manabu Tagomori, Deputy Director 
Commission on Water Resource Management 
Review of Puna Geothermal Venture's Underground Injection Control (UIC) 
Permit Application No. UH-1529 
Thank you for the opportunity to review and comment on the UIC Permit 
application submitted by Puna Geothermal Venture (PGV). 
OEPUTY 
The Department of Land and Natural Resources (DLNR) has no major objections to 
PGV's proposal to re-inject geothermal fluids into the geothermal reservoir, but would like 
to offer the following comments: 
1) Based on PGV's proposal to re-inject geothermal fluids and non-condensable gases 
into the geothermal reservoir, and in response to conununity concerns regarding 
potential impacts to the ground water aquifer downgradient from the project site, 
we recommend that if a water supply well is to be developed, it be strategically 
placed within the project area to maximize its use as a monitor well. Proper 
placement of the proposed well relative to existing wells in the area will allow for 
better ground-water monitoring. 
The applicant should be informed that under Chapter 13-168, liAR, a well 
construction permit, a pump installation permit, and a well completion report will 
be required for the construction of the water well. 
2) No DLNR permit is required for those wells specifically dedicated and drilled for 
injection purposes; however, the conversion of any existing geothermal production 
well into an injection well (i.e. Alternative 1 - wells not specifically drilled for 
injection purposes) will require a well modification permit from DLNR. 
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3) Pursuant to HAR, Chapter 13-183, all geothennal wells must be cased in a manner 
to provide adequate anchorage for blowout-prevention equipment that will protect 
ground-water resources and the general environment. Also, permanent wellhead 
completion equipment and all casing strings must provide for adequate well 
pressure control and operational safety. Our review of the two injection well 
designs (Alternative 1 and Alternative 2) identified in PGV's UIC application 
indicates that the proposed casings meet the requirements set forth in Section 13-
183-71. 
During the setting of the casing, sufficient cement should be used to exclude 
overlying formation fluids from the injection zone and to prevent movement of 
fluids· behind the casing into zones that contain ground water. Furthermore, all 
cement should contain a high temperature resistant admixture. 
4) We also recomme.nd that casing strings be pressure-tested after cementing and 
before commencing other operations on the well. Test pressures should be applied 
and monitored for a period of 30 minutes. A drop of more than ten percent of the 
pressure may be indicative of a defective casing or cement job. 
5) Surveys should be required for all injection wells to determii1e deviations from the 
vertical and to establish the location of the intended zone of injection. Well 
deviation surveys should be filed with DLNR. 
6) In addition, within six months after completion/modification of any well, the 
operator must ft!e with DLNR the following well reports: a) drilling log and core 
report; b) well history report; c) well summary report; and (d) other 
supplemental information related to the iiJjection operations. 
7) The operator of any injection well must also file monthly reports of re-injection 
data, including quantity and chemical composition of fluids injected and any 
changes in injection pressures which may indicate that the injected fluids are no 
longer confmed to the intended zone of injection. 
8) As part of the monitoring plan, PGV should acquire ade<JUate environmental 
baseline data prior to commencement of injection operations. Monitoring for 
potential impacts associated with such activity should include periodic water 
sampling and regular inspections of the injection facility. 
9) Lastly, all work pertainillg to the lands and permittee's operations should be 
performed in accordance with our Department's Administrative Rules (Chapters 13-
183 and 13-168) and all other applicable Federal, State, and County laws, 
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ordinances, and regulations, including all water and air pollution control laws 
relating to the environment. 
Thank you for this opportunity to conunent on the subject application. Should you 
have any questions, please contact George Matsumoto at Ext. 7619. 
A-;fllht:::-r 
;/ M;ku .TAGOMORI 
Deputy Drrector 
DN:fc 
JOHN WAIHEE 
GOVERtKIR OF HAWAII 
STATE OF HAWAII 
DEPARTMENT OF HEALTH 
P. 0. BOX 3378 
HONOLULU, HAWAII 96801 
November 30, 1989 
Mr. Manabu Tagomori 
Deputy Director 
Commission on Water Resource Management 
Department of Land & Natural Resources 
P.O. Box 373 
Honolulu, Hawaii 96809 
Dear Mr. Tagomori: 
SUBJECT: PUNA GEOTHERMAL VENTURE PROJECT 
UNDERGROUND INJECTION CONTROL (UIC) 
UIC APPLICATION NO. UH-1529 
:t 
'1 
.,.; ?-
'··, !.''1.. 
' j ·).~:{ \ 
JOHN C. LEWIN, M.D. 
DIRECTOR OF HEALTH 
In reply, Please refer to: 
EPHSO 
Enclosed is an application for an Underground Injection Control permit to 
operate injection wells for the proposed geothermal project. We would appreciate 
any comments you may have concerning this project's injection wells in regards 
to their impact on underground sources of drinking water and hydrogeologic 
conditions of the area. We are also interested in any geothermal permit 
conditions that may be generated from your office that could apply to the UIC 
permit. 
For your information, the two primary areas of concern to us are: 1) a 
long-term geothermal well casing monitoring plan, and 2) a long-term groundwater 
monitoring plan. Your comments will be used to determine the issuance of a UIC 
permit for this project and other requirements that should be imposed on the 
permittee for proper subsurface injection, if a permit is granted. 
If you have any questions concerning this subject, please contact Chauncey 
Hew at the Safe Drinking Water Branch at telephone 543-8258. 
Thank you for your assistance. 
CH:la 
Enclosure: UIC Application No. UH-1529 
Sincerely, 
BRUCE S. ANDERSON, Ph.D. 
Deputy Director for 
Environmental Health 
.· 
June 26, 1989 
Reference No. 89238 
Mr. Chauncey Hew 
Drinking Water Program 
Department of Health 
P.O. Box 3378 
Honolulu, Hawaii 96801 
ORMAT® 
Subject: Application for Underground Injection Control (UIC) 
Permit from the Puna Geothermal Venture (PGV) Project 
Dear Mr. Hew:. 
Pursuant to Administrative Rules, Title 11, Chapter 23 of the 
Department of Health, attached are three (3) copies of the 
Application for a UIC Permit for the PGV Project. Also 
attached is a check in the amount of $100.00 for the filing fee. 
PGV plans to construct and operate the 25 MW PGV Project in the 
Puna District of the Island of Hawaii. The project will drill 
geothermal wells within a dedicated 500-acre area, use the 
produced geothermal fluid to generate electricity for sale to 
the Hawaii Electric Light Company for use on the Island of 
Hawaii, and inject all the project geothermal fluids back into 
the geothermal reservoir. Since the project will use injection 
wells, it will require a UIC permit from the Drinking Water 
Section of the State of Hawaii Department of Health. 
This UIC permit application is being filed for a well system 
classified as Class v, Subclass B injection wells, which 
applies to "injection wells which inject non-polluting fluids 
into any geohydrologic formation, including non-exempt 
aquifers.• PGV will be injecting the produced geothermal fluid 
into the zone below 4,000 feet, back into the same geothermal 
reservior from which it was withdrawn. Other than the loss of 
heat, which will be used to generate electricity, the 
geothermal fluids will to contain the same constituents as the 
geothermal reservoir. PGV has proposed a casing program using 
premium grade materials and cements to prevent leakage of 
injected fluids from the casing to the upper groundwater 
aquifer, a groundwater aquifer which is already influenced by 
the natural leakage of geothermal fluids from the zone below 
4,000 feet. 
PUNA GEOTHERMAL VENTURE 
0 101 Aupuni Street Suite 1014-B, Hilo, Hawaii 96720 • 
0 610 East Glendale Ave., Sparks, Nevada 89431-5811 • 
Telephone (808)961-2184 
Telephone (702)356-9111 
• 
• 
Facsimile (808)961-3531 
Facsimile (702)356-9125 
June 26, 1989 
Reference No. 89238 
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The UIC permit is a two-step application process, and this 
application is for the initial construction stage. As such, it 
contains the information required under Sections ll-23-60(a)(l) 
through ll-23-60(a)(l5) of the existing UIC regulations. 
We appreciate your cooperation in preparing this application 
and offer our full assistance in your timely review and 
approval of this UIC permit. 
aurice A. Richard 
Puna Geothermal venture 
Hawaii Regional 
Development Manager 
Attachments 
cc: 
D. Carey, EMA w/attachments 
MAR/ci 
DRAFT: PGV-Wellfield 
09/25/89 
CERTIFIED MAlL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna-Geothermal-Venture. 
101 Aupuni Street, Suite 1014-B 
Hilo, Hawaii 96720 
Dear Mr. Richard: 
Subject: "'l!.uthority to Construct·(ATC) No. A-833-XXX 
App)jcation for ATC No. A-833 
Expiration Date: (v.ill be va)jd for 2 years) 
A0962NH 
File #833 
An Authority to Construct in accor·dance v.ith Administrative Rules, Title _ . _ · 
11, Chapter 60, is hereby issued to Puna Geothermal Venture for Fourteen (14-~ 
Geothermal Exploratory/Developmental Wells located at TMK: 1-4-01:2, 1-4-
01:3, 1-4-01:58 and 1-4-01:19, Kilauea Lower East Rift Zone, Puna, Hawaii. 
The issuance of thls permit is based on the plans, specifications, and additional 
information that you submhted as part of your app)jcation dated March 24, 1989 
and the subsequent information submitted on June 9, 1989. 
Although the Authority to Construct app)jcation is for the construction of 
. 30 geothermal wells over the life of the project, the subject Authority to 
Construct permit authorizes the construction of only 14 geothermal wells whlch 
have been deemed necessary to initially supply and support the power plant 
operating at maximum capacity. Authority to Construct app)jcation(s) for 
additional geothermal wells should be submitted as the needs are identified. 
The Authority to Construct is issued subject to the conditions set forth 
in Attachments I and II. 
Also enclosed is Form AS-P-3, App)jcation for Permit to Operate a 
Facmty. Please submit this app)jcation ''ith the app)jcable fmng fee sixty (60) 
days prior to each well being connected and becoming a part of a distribution 
system which supplies geothermal resource to a power plant or facility. In 
addition, you must submit to the Department in v.-riting the notification of 
completion of construction. The Authority to Construct must remain in effect 
until the Permit to Operate is granted or denied for the fourteen (14) 
geothermal exploratory I developmental wells. 
Enclosures 
cc: PIE 
DHSA, Hawaii 
Very truly yours, 
JOHN C. LEWIN, M.D. 
Director of Health 
ATTACHMENT I. STANDARD CONDITIONS 
DRAFT: PGV-Wellfield 
09/25/89 
This permit is granted in accordance vdth the State of Hawaii 
Administrative Rules, Title 11, Chapter 60, A.ir Pollution Control, and is 
subject to the follo'l'.ing standard conditions: 
1. This permit is non-transferable from person to person, from place to 
place, or from one piece of equipment to another. 
2. This permit is automatically void if construction has not begun v.ith.in 
one year of the date of issuance or if the work involved is suspended for 
one year or more. 
3. This permit is automatically void when the Permit to Operate is issued or 
denied for all fourteen (14) exploratory I developmental we Us. 
4. The facility covered by th.is permit shaH be constructed as specified in 
the application for Authority to Construct. There shall be no de\iation 
unless additional or re\ised plans are submitted to and approved by the 
Department. 
5. Th.is permit is not a guarantee that the facility "ill receive a Permit 
to Operate at the end of the construction period, nor does it absolve the 
holder from the responsibility for the consequences of non-compliance \\ith 
all Rules, Regulations, and Orders of the Department. 
6. Th.is authority, (a) shall not in any manner affect the title of the 
premises upon which the equipment is to be located, (b) does not release 
the permittee from any liability for any loss due to personal injury or 
property damage caused by, resulting from or arising out of the design, 
installation, maintenance, or operation of the proposed equipment, (c) 
· does not release the permittee from compliance "ith other applicable 
statutes of the State of Hawaii, or "ith applicable local laws, regulations, 
or ordinances, and (d) in no manner implies or suggests that the 
Department, or its officers, agents, or employees, assumes any liability, 
directly or indirectly, for any loss due to personal injury or property 
damage caused by, resulting from or arising out of the design, 
installation, maintenance, or operation of the proposed equipment. 
7. The Department is to be notified promptly in writing upon completion of 
the construction or insta11ation of any equipment for which an Authority 
to Construct has been issued. 
ATTACHMENT II. SPECIAL CONDITIONS 
DRAFT: PGV-Wellfleld 
09/25/89 
In addition to the standard conditions of the Authority to Construct, this 
perllllt is subject to the following special conditions: 
1. The permit conditions prescribed herein may at any time be re>ised by 
the Department of Health to conform to any Federal or State promulgated 
air q_uality rules on geothermal facilities. 
2. This Authority to Construct is for fourteen (14) geothermal 
exploratory/developmental wells to be drilled in TMK: 1-4-01:2, 1-4-01:3, 
1-4-01:58 and 1-4-01:19, Kilauea Lower East Riit Zone, Puna, Hawaii. 
i\'ritten notification must be submitted to and accepted by the Department 
of Health prior to commencement of construction of each well. Each 
notiiication shall include a dra"ing identif>ing the well location, the 
property boundary, access roads approaching and traversing the 
property, the location of the nearest residence, and the locations of the 
air quality monitoring stations. The status of all pre,"ious constructed 
wells shall be pro>ided including a clear description of the measures taken 
to shut-in the well. Additional information may be requested of the 
permittee. 
3. The Department of Health shall act on a Permit to Operate Application 
prior to any well approved under this permit being connected and 
becoming a part of a distribution system which supplies geothermal 
resource to a power plant or facility. Additional permit conditions may be 
included in the Permit to Operate. 
4. No geothermal exploratory/developmental wells shall be located "ithin 600 
feet of the property boundary. If any federal, state or county permit or 
order stipulates a distance greater than 600 feet in which no geothermal 
wells can be located, the greater distance shall so apply. 
5. The permittee shall install, operate, and maintain a llllnimum of one (1) 
meteorological and three (3) air quality monitoring stations. The 
monitoring stations required in any perllllt for the 25 MW power plant may 
be used towards fulfilling this requirement. 
Prior to the commencement of construction of each of the fourteen (14) 
'''ells, the permittee shall submit for the Department of Health's approval 
the siting of the air quality and meteorological monitoring stations. The 
air quality and meteorological monitoring stations shall be fully operational 
prior to the commencement of drilling operations. The permittee shall 
maintain a file of all measurements, including the monitoring system 
performance evaluations; calibration checks; and adjustments and 
maintenance performed on the system or devices. The measured data 
shall meet U.S. EPA capture requirements and quality assurance 
guidelines. At a minimum, a quality assurance check shall be conducted 
on each monitoring station every-other-day. 
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The air quality monitors shall be equipped v.ith an alarm system or an 
acceptable equivalent system that v.ill immediately notify the permittee of 
ambient hydrogen sulfide concentrations in excess of 139 micrograms per 
cubic meter of air on a one-hour average. The permittee shall immediately 
notify the Department of Health and the Hila District Health Office of the 
exceedance. 
Two (2) copies of the data file in a format acceptable to the Department of 
Health shall be submitted on an annual basis. The data file shall be in a 
format that can be utilized by a personal computer for ready extraction of 
data. The air quality and meteorological data shall be summari7.ed and 
submitted monthly in writing to the Department of Health. Additional 
information on the monitoring stations and on the data collected shall be 
submitted upon request by the Department of Health. 
6. At the discretion of the Director of Health, the permittee may at any time 
be required to install, operate, and maintain additional air quality and 
meteorological monitoring stations, but only after due notice to the 
permittee on the reasons for the proposed change and pro\iding the 
permittee an opportunity to respond v.ithin seven ( 7) days. 
7. The permittee shall notify the Department of Health in writing at least two 
(2) working days prior to the commencement, and v.ithin two (2) working 
days after the completion of the aerated mud or aerated water drilling, 
well venting, and flow testing operations, for each geothermal well. 
8. Upon completion of flow testing operations, each geothermal well shall be 
shut-in or otherwise prevented from discharging to the atmosphere in 
accordance v.ith appropriate standards of operation and maintenance and 
at no time be placed on continuous or standby bleed status. 
9. ··Occasional flaring of excess hydrogen sulfide gas from the completed wells 
is prohibited unless necessary to insure well integrity or safety. Records 
shall be main\~ed on all flaring episodes, and shall include, as a 
minimum, the date, time and duration of the event, probable causes of the 
excess gas buildup, and the estimated emissions of hydrogen sulfide and 
sulfur dio,Odes. The records shall be in a permanent form suitable for 
inspection and shall be retained for at least three (3) years follov.ing the 
date of such records. The permittee shall submit a v.-ritten report 
monthly to the Department of Health on the flaring episodes. If flaring 
occurs frequently or routinely, the permittee shall install, operate, and 
maintain ambient sulfur dio,Ode monitors at each air quality monitoring 
station and comply v.ith all recordkeeping requirements in accordance v.ith 
Special Condition No. 5. 
10. All access roads into the property shall be limited to authorized personnel 
only. Twenty-four hour staffing shall be in place during construction. 
11. The permittee shall have proper safety devices on-site at least three days 
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prior to commencement of air drilling-:- -A minimum of three breathing 
apparati shall be available at the site and maintained by a qua1llied 
person/contractor. Wind socks shall be placed at two opposite edges of 
the drill site and on the drill floor. At least one person with certified 
hydrogen sulfide training to respond to hydrogen sulfide emergency 
episodes shall be on-site at all times. 
12. Hydrogen sulfide abatement equipment v.ith a minimum of 3, 000 gallons of 
sodium hydroxide shall be on the property prior to the initiation of flow 
testing operations. Chemical storage tanks shall be maintained "ith 
sodium hydroxide at all times v.ith no less than a three-day operating 
supply. 
13. The permittee shall monitor the hydrogen sulfide concentrations and 
emissions continuously by use of an electrochemical type sensor and 
recorder during the flow testing operations. lf the abated hydrogen 
sulfide emission rate increases to eight and one-half (8.5) pounds per 
hour or more, the permittee shall cease operations and shut-in the well. 
The Department of Health shall be so notified and the problem corrected 
before testing operations can continue. 
During periods of equipment failure or malfunction which result in 
hydrogen sulfide emissions, the permittee shall apply best aYailable 
control technology for the air emissions and shall so notify the Department 
of Health v.ithin one (1) hour of the occurrence. The permittee shall 
immediately take steps to correct the condition. lf repairs cannot be 
accomplished "ith.in twenty-four (24) hours of the occurrence, the 
permittee shall cease operations and shut-in the well. Within fiye (5) 
days of the occurrence, a report shall be submitted to the Department of 
Health in accordance "ith Hawaii Administrative Rules, Section 11-60-14. 
14. Wet chemical tests for the determination of the hydrogen sulfide 
concentrations shall be conducted and recorded on a daily basis during all 
phases of the flow testing operations. 
15. The follo"ing data shall be recorded during the flow testing operations: 
a. At least four times per 24-hour period, hydrogen sulfide ppm 
upstream from the injection system. 
b. At least four times per 24-hour period, injection rate of sodium 
hydroxide. 
c. At least four times per 24-hour period, hydrogen sulfide emission 
rate (lbs/hr) and concentration (ppm) downstream, after chemical 
injection. 
d. Daily, zero and span check of hydrogen sulfide sensor. 
-3-
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e. Weekly, calibration check of hydrogen sulfide sensor. 
f. Daily, the quantity of sodium hydroxide remaining in the abatement 
equipment storage tanks. 
Additional entries v.ill be made when significant changes in the resource 
occurs and when changes are made in injection rates of sodium hydroxide. 
The aforementioned daily records a., b., and c. shall also be reported 
daily to the Department of Health by telephone no later than noon of the 
follo\\ing work day. The Department of Health may at any time request 
additional data or re>ise the frequency of this daily telephone reporting 
requirement. 
The records shall be kept at the well location at all times during the 
drilling and flow testing operations and shall be made aYailable upon 
request by the Department of Health or its duly authorized 
representath•e. Copies or summaries of the records shall be pro\ided 
\\ithin a reasonable time upon request by the Department of Health. The 
records shall be retained for at least three years follov.ing the date of 
such records. 
16. The permittee shall maintain a 24-hour telephone senice to accept calls 
concerning this Authority to Construct. This telephone number must be 
operational prior to commencement of construction. 
17. The permittee shall utiliz.e mud drilling techniques to the extent possible 
during the well drilling operations. In no case shall air drilling be used 
in the construction of the geothermal well. The drilling \\ith aerated mud 
or aerated water may be used in lieu of mud drilling, but should be 
minimized to the extent practical. Should any inadvertent releases of 
steam occur during the drilling operations, the drilling fluid weight shall 
be immediately increased to stop the steam flow. In no case shall any 
inadvertent steam releases exceed ten (10) minutes in duration in any one 
hour. If the inadvertent steam relea.ses cannot be controlled by 
increasing the fluid weight or exceeds ten (10) minutes in duration, the 
permittee shall take immediate action to shut-in the well. 
Records of each steam release incident shall be maintained and include as 
a minimum, date, time and duration of the incident, the estimated 
resultant emissions, and any correctiYe measures taken. The records 
shall be in a permanent form suitable for inspection, shall be made 
available upon request by the Department of Health, and shall be retained 
for at least three (3) years follov.ing the date of such records. 
18. Steam production rates and hydrogen sulfide concentrations shall be 
measured to determine hydrogen sulfide emissions in pounds per hour. A 
sodium hydroxide treatment mole ratio of 4 to 1 (!'la0H/H2S) v.ill be used 
initially and the abatement efficiency monitored. The optimum mole ratios 
''ill be determined during the hydrogen sulfide abatement operations. A 
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specific chemical treatment plan shall be submitted to the Department of 
Health prior to the commencement of flow testing. A copy of the plan 
shall be maintained at the site at all times and supenisory personnel shall 
be aware of its protisions at all times. 
19. The permittee shall promptly notify the Department of Health should any 
toxic emissions be encountered of public health concern and where 
dispersion into the ambient air was the mitigative action. 
20. The permittee shall perform once on each well, testing and analyses for all 
of the follovdng constituents of the steam condensate, steam, particulates 
and/or gases emanating from each well: 
STEAM CONDENSATE/TOTAL STEAM 
Benzene 
Ammonium (Total) 
Arsenic 
Lead 
Cadmium 
Bicarbonate and Carbonate 
Sulfates 
Chlorides 
Nitrates 
Boron (Total) 
Hydrogen Sulfide (Total) 
Fluorides (Total) 
Total Sulfur 
Mercury (Total) 
pH 
Total Dissolved Solids 
· Total Suspended Solids 
Percent Noncondensibles 
GAS PHASE 
Benzene 
Hydrogen Sulfide 
Ammonia 
Radon 222 and 
daughters 
!llercury Vapor 
Methane 
NonMethane Hydro-
carbons 
Carbon dioxide 
Sulfur dioxide 
NESHA.PS -
pollutants as 
requested 
21. The drilling rig diesel engine generators and pumps shall be fired only on 
diesel fuel oil no. 2 v.ith a maximum sulfur content not to exceed 0. 5 
percent by weight. The permittee shall maintain records on the total 
amount of fuel oil consumed by all the diesel engines for the drilling of 
each well. The total gallons of fuel oil consumed shall be submitted to the 
Department of Health at the completion of each well. 
22. Unabated well venting shall be allowed only after the permittee has 
checked ''ith the National Weather Ser\ice and is assured of meteorological 
conditions appropriate for good dispersion and minimal air quality impact. 
In no case shall the well venting commence if the average v.ind speed at 
the well site is less than 4 meters per second. Prior to well venting, the 
Department must be informed in writing a minimum of two (2) days prior 
to commencement and so concur. The public shall be notified a minimum 
of 24-hours in advance by notices in the newspapers of general circulation 
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in Hawaii County. In addition, the permittee shall make a reasonable 
effort to notify all residents living v.;thin 3, 500 feet of the permittee's 
property boundary a minimum of 24-hours in advance of open venting of 
each well and pipeline cleanout. In preparation for flow testing, each well 
shall be allowed to open vent only during the da·ytime and no more than a 
total of four ( 4) hours. 
In no case shall any well venting coincide v.ith any pipeline cleanouts or 
well flow testing operations, or commence if the power plant emergency 
steam release facility is being utili:z.ed. 1f emergency steam releases from 
the power plant occur during the venting of any well, venting of that well 
shall be terminated as quickly as practical. 
23. Should any of the air quality monitoring stations indicate an ambient 
hydrogen sulfide, one-hour average concentration greater than 139 
micrograms per cubic meter of air, the permittee shall take immediate 
action to the extent practical to reduce all wellfield emissions. \\'ithin four 
(4) hours of the exceedance, the permittee shall reduce all wellfield 
hydrogen sulfide emissions associated v.ith wellfield construction 
operations, including but not limited to drilling, flow testing, venting, 
etc., by a minimum of 50 percent of the level during the event. Follov.ing 
the reduction in project emissions, if the monitoring stations still indicate 
ambient hydrogen sulfide concentrations in excess of 139 micrograms per 
cubic meter (one-hour average), the permittee shall cease all drilling 
operations and shut-in all wells under construction, unless the permittee 
can conclusively show to the Department of Health that the project 
operations and emissions are not contributing any impact to· morutoring 
site. If the project emissions haYe been reduced, the permittee shall 
maintain the emissions at this reduced level until such time the 
Department of Health is assured that the resumption of full acthity shall 
not result in another exceedance of the ambient level of 139 micrograms 
per cubic meter (one-hour aYerage). 
The permittee shall submit to the Department of Health a written follow-up 
report v.ithin two (2) days of the occurrence. The report shall include 
the date, time and duration of the exceedance(s), the status of all project 
operations during the exceedance, the estimated project emissions and any 
other emission sources that may have contributed to the exceedance, and 
all corrective measures and actions to reduce project emissions to a 
minimum. Compliance ''ith this notification proYision shall not excuse or 
other\\ise constitute a defense to any '\iolation(s) of this permit or of any 
law or regulations. 
24. The drilling, flow testing, and Yenting operations of any of the fourteen 
( 14) geothermal exploratory I developmental wells shall not cause or 
contribute to an exceedance of the hydrogen sulfide ambient le.-el of 139 
micrograms per cubic meter on a one-hour aYerage. 
25. The permittee may be required to install a control system acceptable to 
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the Department of Health for the rapid throttling of steam flow and well 
shut-in on each developmental well prior to the well being connected to a 
resource distribution system. The requirement for a control system may 
be so specified in the subsequent Permit to Operate. 
26. To prevent well blowouts, the permittee shall employ good drilling 
practices with proper blowout prevention equipment and experienced 
personnel in the drilling of the exploratory I developmental wells. Drilling 
supernsors shall be certified in blowout prevention at a minimum of once 
every two years by a recogni2.ed training center. In the unlikely event of 
a well blowout, the permittee shall immediately proceed \\ith measures to 
kill or gain control of the well and notify the Department of Health. 
The permittee shall submit to the Department of Health a v;-ritten report 
within five (5) days of the blowout. The report shall include, as a 
minimum, the probable cause of the blowout, the actions that have or will 
be taken, the estimated time before the well is controlled, an analysis of 
the air quality impact from the unabated emissions, and a monitoring plan 
to determine the actual air quality impact resulting from the blowout. A 
status report shall be submitted to the Department of Health on a weekly 
basis until such time the control of the well is established. 
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September 25, 1989 
CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 
Mr. Maurice A. Richord 
Regional Develo;:>ment ll•onager 
,Puno-GeothermoiNenture-
10 I Au;:>uni Street, Suite I 014-3 
Hilo, Hawaii 96720 
Deer Mr. Richard: 
Subject: -Authority to-Construct (A TC)No. A-834-XXX 
A;:>plicotion for ATC No. A-834 
Expiration Date: (will be valid for 2 years) 
A0961NH 
File /1834 
An Authority to Construct in accordance with Administrative Rules, Title II, -.. 
Chapter 60, is hereby iss;.oed to Puna Geothermal Venture for a 25 MW Geothermal Power 
Plant locoted at TMK: 1-4-01:2 and 1-4-01:19, Kila>ea Lower East Rift Zone, Puna, 
Hawaii. The issuance of this permit is based on the ploros, specifications, and odditiorool 
information that you submitted as port of yowr application doted :/,arch 24, 1989 and the 
subsequent information submitted on June 9, 1987. 
The Authority to Construct is issued subject to the conditions set forth in 
Attachments I and II. 
Also enclosed is Form AS-P-3, Application for Permit to Operate a Facility. Please 
submit this application with the applicable filing fee sixty (60) days !:>efore the end of 
construction. In addition, you must su!:>mit to the Department in 'Nriting the notification of 
completion of construction. The Authority to Construct must remain in effect until the 
Permit to Operate is granted or denied. 
Very truly yours, 
~--=/ 
. ·' 
Enclosures 
cc: PIE 
DHSA, Hawaii 
JOHN C. LEWIN, M.D. 
Director of Health // .J 
A TT AO-IMENT I. 
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STANDARD CONDITIONS OF AU1HORITY TO CONSTRUCT, 
NO. A-834-XXX 
APPLICATION NO. A-834 
This permit is granted in accordance with the State of Hawaii Administrative Rules, 
Title II, Chapter 60, Air Pollution Control, and is subject to the following standard 
conditions: 
I. This permit is non-transferable from person to person, from place to place, or from 
one piece of equipment to another. 
2. This permit is automatically void if constrvctia!"l has not begun within one year of the 
dote of issuance or if the work involved is suspended for one year or more. 
3. This permit is owtomotically void when o Permit to Operate is issued or denied. 
4. The facility covered by this permit shall be constructed as specified in the application 
for Authority to Construct. There shol\ be no deviation unless additional or revised 
plans ore submitted to and approved by the l)epartment. 
5. This permit is nat a guarantee that the facility will receive o Permit to Operate at the 
end of the constrvction period, nor does it absolve the holder from the responsibility 
for the consequences of non-complio'lce with all Rules, Regulations, and Orders of the 
Deportment. 
6. This authority, {a) shall r-~at in any manner affect the title of the premises upon which 
the equipmer-~t is to be located, (b) does not release the permittee fro:n o:1y liability 
for any Joss due to personal injury or property damage cowsed !:>y, resulting from or 
_arising out of the desigr-~, installation, maintenance, or operatic:"! of the proposed 
equipment, (c) does not release the permittee from comp\ia'"lce with ather applicable 
statutes of the State of Hawoii, or with applicable local laws, regulations, or 
ordinances, and (d) in no manner implies or suggests that the Deportment, or its 
officers, agents, or employees, assumes any liability, directly or indirectly, f()r any 
loss dve to personal injury or property damage caused by, resulting from or arising out 
of the design, installation, maintenance, or operation of the proposed equipment. 
7. The Department is to be notified promptly in writing upon completion of the 
construction or installation of O:"IY equipment for which an Authority to Construct has 
been issued. 
8. The operation of this equipment is sanctioned by this Authority to Construct provided 
that the permittee has completed the following: 
(a) Submittal of written notification of completion of constr•Jction or installation to 
the Department; 
(b) Submittal of Permit to Operate App\icatio,, Form AS-P-3, to the Deportment; 
O'ld 
(c) Adherence to all opplicoble "special conditio..,s" as included in the Authority to 
Construct. 
ATTACHMENT II. SPECIAL CONDITIONS 
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In o:ldition to the standard conditions of the Authority Ia Constr:;ct, this permit is 
subject to the following special conditions: 
l. The permit conditions prescribed herein may at any time be revised by the Department 
of Health to conform to any Federal or State promulgated air quality rules on 
geothermal facilities. ""\ 1 •::o '! . . ::. • ~ ~-~ ;·."-'\_ ~ '.'•·'1, ~:., 
2. The total fugitive isopentane emissions from all te1 (10) Ormat Energy Converter 
(OEC) -no:lules shall not exceed 0.4 lbs/hr or exceed I 000 ppm from any seal, flange, 
valve or any ather fugitive emissio'"l point when measured from a distance of two (2) 
inches from the point. The permittee shall perform measurements 01 all fugitive 
isopentane emissio'"l points, as a minimum, 0:1 a weekly !:>asis. The permittee shall toke 
immediate corrective actions upon identifying any isopentane emissions in excess of 
l 000 ppm when measured from a distance of two (2) inches. 
3. Records shall be maintained on all isopentane emissio'"l measurements, the amount of 
gallons of !sopentane purchased, the amount of isopentane transfered to and from the 
OEC modules, and the a-nount of isopentane released to the atmosphere. The records 
shall !:>e in a perma,.,ent form suitat:>le for inspection, s'"lall tle made availotlle upon 
request !:>y the Deportment of Health, and s!->all be retained for at least t!1ree (3) years 
following the date of such records. A report o:"l the amount of isopentone released to 
the atmosphere shall be sutlmitted to the Deportment of Health on on annual basis. 
4. The geother-nol fluids injectio'1 system shall include at least two (2) geothermal 
injection wells, a spare fluid pump, and a spore nancondensable gas compressor. The 
backup injectio'1 system equipment shoJI be maintained in good operating condition at 
all times and shall be utilized immediately upon ideCltification of any malfunctioning 
equipment. 
In the event of on equipment malfunction or upset condition which results in a 
situation where the twa geothermal injection '"ells ore not capatlle of handling the 
total geothermal resource being utilized by the power plant, the power plant 
production and the associated geothermal resource being used s'">oll be immediately 
reduced accordingly to the handling capacity of the two injectiof"l wells. 
S; The diesel er"~gine generator and the diesel firewater pump shall be fired only on diesel 
fuel oil no. 2 with a maximum sulfur content not to exceed 0.5% by weight. 
6. Pipeline cleanouts shall be allowed only after the permittee has checked with the 
l'-lationol Weather Service and is assured of meteorological conditions appropriate for 
good dispersiof"l and minimal air quality impact. In no case shall any pipeline cleanout 
commence if the average wind speed at the pipeline exhaust site is less than four {4) 
meters per second. In no case shall any pipeline cleanout coincide with any well 
venting, well flaw testing, or well drilling with aerated water or aerated mud. Prior to 
any pipeline cleanout, the Department of Health must be informed in writing, a 
minimum of two (2) days prior to commencement and so concur. The pu!:>lic s!->oll be 
notified a mini-n\Jm of 24-!->ours in advance by notices in the newspapers of general 
circulation in Hawaii Cou'"lty. In addition, the per'l'littee shall make a reosor"~oble 
effort to notify all residents living within 3,500 feet of the permittee's property 
boundary a minimum of 24-hours in advance of any pipeline cleanout. Each pipeline 
cleonout s!->all not exceed 20 minutes in duration and s!"loll occur of"ll)' in the daytime. 
DRAFT: PGV~ower Plmt 
7. The permit1ee shall install, operate, and maintain a minimum of one (I) meteorological 
and three (3) air quality monitoring stations. The monitoring stations required in any 
permit for the wellfield moy !:>e used towards fulfilling this requirement. Prior to the 
commencement of construction, the permittee s'-.all submit for the Department of 
Health's approval the siting of the air quality and meteorological monitoring stations. 
The air quality and meteorological monitoring stations shall be fully operational prior 
to the commencement of plant operations. The permittee shall maintain a file of all 
measurements, including the monitoring system performance evaluations; calibration 
checks; and adjustments and mainte,.once performed on the system or devices. The 
measured dolo shall meet U.S. EPA capture requirements and quality oss•;rance 
guidelines. As a minimum, a quality assurance check shall be conducted on each 
monitori"g statio" every-other-day. 
The air quality monitors shall be equipped with an alarm or acceptable equivalent 
system that will immediately notify the permittee of ambient hydrogen sulfide 
concentrations in excess of 139 micrograms per cubic meter of air on a one-hour 
average. The permittee shall immediately notify the Deportment of Health a"d the 
Hila District Health Office of the exceedonce. 
Two (2) copies of the data file in a format acceptable to the Deportment of Health 
shall be su!:>mitted on on annual basis. The data file shall be in a formal that can be 
utilized by a perso:1al computer for ready extraction of data. The air qu::Jiity and 
meteorological data shall be summarized and submitted mo'">thly in writing to the 
Department of Health. Additio:1al information on the monitoring stations and on the 
data collected shall be submitted upon request by the Department of Health. 
8. At the discretion of the Director of Health the permittee may at a:1y time be required 
to install, operate, and maintain additional air quality a:1d meteorological monitoring 
stations, but only after due notice to the permittee 0:1 the reasons for the proposed 
change and providing the permittee an opportunity to respond within seve:-~ (7) days. 
9. All access roods into the permittee's property shall be limited to authorized perso,.nel 
only. Twenty-four hour staffing s:1all be in place during plant operations. 
10. The emergency steam release facility, consisting of two (2) rock mufflers, chemical 
storage ta,.k(s) and associated equipment, shall be installed, maintained, and be fully 
operational prior to commencement of plant operatio,.s. Each rock muffler shall be 
capable of handling a steam flow rate of 570,000 lbs/hr or I 00 percent of the total 
power plant steam flow, whichever is greater. 
II. The emergency steam release facility shall o.'">ly be utilized under o:1e or more of the 
following conditions: 
a) Failure of the electrical transmissio:1 lines out of the power plant or so•ne 
incident that tripped all the steam turbines ond OEC u"its; 
b) Complete •;pset of the geothermal fluid injection system; 
c) Pressure in the steam lines exceeds safety desigl"l set points; or 
d) Any upset situatio, which would otherwise result il"l a release of unabated steam 
to the atmosphere. 
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12. The emergency steam release facility shall !:>e equip;:>ed o:1d maintained at all times 
with a minimum three-day operating storage capacity of sodium hydroxide. The 
chemical o!:>atement system shall o;:>erote o>Jtomotico\Jy when steam is released 
through the rock muffler(s). The hydrogen sulfide concentrotioC~s shall be continuously 
monitored both downstream and upstream of the chemical injection point. A sodium 
hydroxide treatment mole ratio of 4 to I (NaOH/H2Sl will be used initially and the 
abatement efficiency monitored. The optimum mole ratios will be determined during 
the hydrogen sulfide abatement operations. 
Upon utilizing the emergency steo:n release facility, the permittee shall toke 
immediate action to the extent practical to reduce t!oe steam flow end perform the 
necessary corrective actions. The steam flow rote s!>all be reduced, cs a minimum, to 
50 percent of full flow within fo"'r (4) hours after initiating the use of the emergency 
steam release facility. 
13. The permittee shall immediately notify the Department of Health of any operational 
upsets, equipment foil"'re or malfunction which would a! low on iC~crecse in the 
emissio'">S of hydrogen sulfide, portic"'lote matter or isoperoto:1e. In odditio'"l, a written 
report s'>oll be submitted to the Deportment of Health withi,-, five (5) days of the 
occurre:1ce. The report shall i:1::lude a descriptio.-, of the malfunctioning equipment or 
ob:1ormal operation, the dote of the initial failure, the estimated res•;ltont emissions, 
time and duration of the event, o:1d the methods utilized to restore normal operations. 
Compliance with this notification provision s'>all '">ot excuse or otherwise constitute a 
defense for any violotio:1(s) of this permit, law, rule or order w:-.ich results from the 
operotio'"lol upset, equii)meC~t failure or malfunction. 
14. The permittee shall maintain a 24-hour telephone service to accept calls concerning 
this Authority to Cor1struct. This telephone mn>!:>er :n•;st !:>e f•JIIy operational prior to 
commencemer1t of constr•Jctiorl. 
15. Should any of the air quality mor1itoring stotioC~s indicate on o:nbient hydrogen sulfide, 
o:1e-:-.our average concentration greater thon 139 micrograms per cubic meter of air, 
the permittee shall toke immediate action to the extent practical to reduce all power 
plant e•nissions. 'Nithin fo>Jr (4) hours of the exceedonce, the permittee shall 
terminate all power plant activities not associated with normal power plant operations 
and contri!:>uting to hydrogen sulfide emissio'"ls. Following the reduction in projeCt · 
emissio:1s, if the monitoring stations still indicate ambient hydrogen sulfide 
concentratioC~s in excess of I 39 micrograms per cubic meter (one-hour average), the 
permittee shall curtail the power plant operations, unless the permittee con 
conclusively show to the Deportment of Health t 1>ot the project operations and 
emissions ore not contributing any impact to monitoring site. If the ambient 
concentrotioC~ is below 139 micrograms per cubic meter ofler the project emissions 
have been reduced, the permittee shall maintain the emissio:1s at this reduced level 
uC~tit such time the Department of Health is assured that the resumption of f'-'11 
activity shall not result in another exceedance of the ambient level of 139 micrograms 
per cu!:>ic meter (one-hour average). 
The permittee shall sub'l"lit a writteC~ report to the Deportment of Health within twa 
(2) days of the occurrence. The report sh.:JJI include the date, time and durotioC~ of the 
exceedance, the estimated project emissio'">s o'">d any other emission sources that may 
have contributed to the exceedance, and all corrective :neas"'res and actions ta!.:en to 
reduce project emissio'">s to a :ninimum. Co:nplia.-,ce with this notification provision 
shall not excuse or othenvise constitute a defe'">se for any violation(s) of this permit, 
law, rule or order. 
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16. The operation of the 25 MW geothermal power plant, during periods of operational 
upsets, equipment failure or malfunctions shall not cause or contribute to an 
exceedance of the hydrogen sulfide ambient level of 139 micrograms per cubic meter 
on a one-hour average at or beyond the project boundary. 
17. D•Jring normal power plant operations, the 25 MW geothermal power plant shall not 
cause an increase in the ambient hydrogen sulfide concentrations in excess of 5 ppb 
(one-hour average) above background at or beyond the project boundary. 
18. For any hydrogen sulfide concentrations in excess of 5 ppb (one-hour average) above 
background as indicated by any air quality monitoring station, the permittee has the 
burden of proving that the 25 MW geothermal power plant did not cause the hydrogen 
sulfide impact in excess of 5 ppb (o:1e-hour overage) or hod experienced on operational 
upset, equipment failure or malfunction. 
19. During normal power plant operations, the hydrogen sulfide emissions from the 25 MW 
geothermal power plant shall not exceed five pounds per hour (three-hour overage). 
During periods of malfunction or regularly scheduled maintenance, best available 
control tech:1o!ogy shall be applied for the hydrogen sulfide emissions. 
20. The Deportment of Health may at any time with reasonable cause, request the 
permittee to install, operate, and maintain emission monitors to continuously measure 
and record the hydrogen sulfide and isopentane emissions at any specified location in 
the power plant. 
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Planning Commission: , ' :: : , · t:f l 
25 Aupuni Strfft, Rm.. 109 • Hilu, HAwaii 96720 • (808) 961-8288 
')- ~- '.: 
1 cJ "' J '~ -
CERTIFIED MAIL \.' 
Maurice A. Richard, Hawaii Regional 
Development Manager 
Puna Geothermal Ventur~ 
101 Aupuni Street, suite 1014-B 
Hilo, HI 96720 
Dear Mr. Richard: 
. ";: 
\ -~ . October 3, 1989 
Geothermal Resource Permit Appl~cation {GRP 87-1) 
Puna Geothermal Venture - 25 MW {net) Development 
Kapoho, Hawaii TMK: · 1-4-01: par. 2, 3, par. 19, & 58 
The Planning Commission at its duly held meeting on 
• 
September 19, 1989, considered this Geotherma~ Resource Permit 
Application and based on the following findings, approved the 
project consisting of 10 integrated back-pressure steam turbine and 
air-cooled binary cycle turbine power generating modules; up to 30 
geothermal wells drilled from 6 well pads; brine and steam 
pipelines, pollution control equipment; a brine surge tank and 
holding pond; a switchyard; an office, warehouse, workshop, and 
control buildings; access roads; and auxiliary facilities such as 
air compressors, fire protection equipment, etc.: 
1. The proposed geothermal development activities would not 
have unreasonable adverse health, environmental, or socio-economic 
effects on residents or surrounding property • 
. , 
The project will occupy approximately 25 acres of surface 
area within a dedicated 500-acre project area located within the 
Kapoho Section of the Kilauea Lower East Rift Geothermal 
Resource Subzone. Approximately 2.75 acres of land will be 
cleared and leveled for each of 6 drill pads. Each drill site 
will be engineered to support the drilling equipment and to keep 
drilling effluent contained onsite and separate from any naturar 
drainage. Each well pad will have drilling mud pits; sumps with 
gently sloped walls used to temporarily store drilling wastes 
which typically consist of rock cuttings, waste drilling mud, 
---/ 
. .t 
',-./ 
. -
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Development Manager 
October 3, 1989 
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cement particles, lost-circulation material and other drilling 
mud additives, and other waste drilling liquids. The_high 
porosity of the volcanic soils and rock in the site area results 
in rapid downward percolation of rainwater. Concrete pads and 
berms will be provided to contain possible spills in areas where 
chemicals are handled. Catch basins, culverts, ditches, and 
berms will be provided for drainage control. 
There are no surface 
the proposed drill sites. 
cementing casing into the 
streams or ponds in the vicinity of 
Ground water will be protected by 
hole to depths below sea level. 
Based upon biological surveys and monitoring of the 
Hawaiian Hawk, there are no endangered native species in the 
project site: however, other wildlife and natural resources will 
be affected by loss of habitat at the drill site and along any 
access roads that will be constructed. This habitat loss will 
be limited to what has been described as scrub vegetation and 
fallow fields where-the primary vegetation is non-native weedy 
vegetation and abandoned papaya orchards. 
Unabated geothermal emissions will be vented to the 
atmosphere during well cleanout and pipeline clearing. Noise 
will be generated during well drilling, construction, and 
operational phases of this project. The sites have been located 
in agricultural areas away from urban population 
concentrations. The sites will also be located to take 
advantage of existing topography and vegetation to muffle or 
block noise from the drilling operations. The drilling area 
will be within an area designated as a "hard hat• area. The 
general public will not be permitted within this area. Average 
drilling time for each well will be approximately 45 days, with 
up to five wells drilled at each well pad. 
The socio-economic impacts of this activity would not be 
unreasonable. This project will provide a dependable source of 
electricity yet decrease dependence on imported petroleum 
products1 provide more employment opportunities1 increase 
personal income and public revenues1 and further the 
informational base to support decisions leading to energy 
self-sufficiency. This project will support goals stated in the 
County's General Plan's Energy Element. The economic benefits 
and security implications of reducing Hawaii's dependence on 
imported fuels for energy production have been recognized for a 
long period of time at all levels of government. This has 
' . 
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resulted in a general policy of support for alternative energy 
research and development. The establishment of Geothermal 
Resource Subzones, where exploration and development are 
allowable activities, acknowledges the potential higher use of 
the lands in volcanic rift zones which are generally of marginal 
value for agriculture and other cultural uses. Indigenous 
geothermal resources will be developed for the general social 
and economic well-being of the residents of Hawaii. 
2. The proposed geothermal development activities would not 
unreasonably burden public agencies to provide roads and streets, 
sewers, water, drainage, school improvements, and police and fire 
protection. 
There should be negligible impact on public infrastructure 
and services. Personnel associated with the drilling and 
operations will be small in number. Most of the estimated 23 
construction and 19 operations and maintenance jobs at the 
proposed ·project will be filled by local employees. Peak 
construction employment ts estimated to be as high as 100. 
These people will utilize existing facilities and will not 
require additional services that are not already provided by the 
County. 
Traffic through Pahoa will increase especially during 
construction. An estimated 35 vehicle round trips per day are 
expected during wellfield and power plant construction. During 
normal power plant operations, the traffic generated will fall 
to about 10 to 18 vehicle round trips per day. These added 
vehicle trips should not add significantly to the existing 
traffic levels of 2000 to 3600 vehicles per day at the 
intersection of the Pahoa to Kalapana Road (Hwy 130) and the 
Pahoa to Kapoho Road (Hwy 132). 
Drilling and power plant operations will require no 
provisions from public agencies in the form of roads or streets, 
sewers, drainage, or school enlargement or improvements, and 
only the normally afforded police and fire protection will be 
expected. Any necessary access roads will be constructed by the 
applicant, and water for drilling will be purchased from the 
Department of Water Supply from their existing distribution 
system or the applicant will develop its own water supply. 
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This project will have its own fire protection system and 
will place minimal demands on the Hawaii County Fire 
Department. Fire extinguishers are standard equipment on 
drilling rigs to control fires associated with drilling 
operations. Water used in drilling can also be used to 
extinguish any fires that may develop. In addition, drilling 
muds can be pumped onto any fire that may develop in the 
vicinity of the rig. 
At this time, cesspools are planned as the disposal method 
of approximately 200 gallons per day of domestic wastewater. 
This or an alternative disposal method will need to be approved 
by the the State Department of Health. · 
3. There a~e reasonable measures available to mitigate the 
unreasonable adverse effects or burdens referred to above. 
There are mitigation measures to ensure the integrity of 
the geothermal wells and to prevent blowouts: including the use 
of blowout prevention equipment that can rapidly choke off the 
flow of fluids from the well during drilling: the use of 
conservative safety factors in designing wells and wellhead 
equipment: the installation of two strings of steel casing 
cemented in place from the surface into the reservoir caprock: 
the use of premium grade casing materials and connections to 
strengthen the wellbore: special cement mixtures with high 
strength and insulating properties: and regular inspection 
procedures to test the integrity of the casing and equipment. 
Hydrogen sulfide monitors will be operable at the drill 
site and at off-site locations. The applicant will comply with 
all federal, state, county, or local rules regarding 
environmental monitoring. 
During drilling and power plant operations, noise levels 
will be monitored at several sites at and adjacent to the 
project, and mitigating measures including the relocation of 
affected individuals will be taken if noise levels exceed 
acceptable levels. 
The drillers will receive safety instructions and 
instructions on how to contact emergency facilities in the 
area. Phone numbers for police, fire department, hospital, and 
other emergency services will be posted in a prominent place at 
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the drill rig, together with phone numbers for the drill 
supervisor, principal investigator, field manager, and 
appropriate state and county regulators. 
As drilling will be conducted on a 24 hours-a-day, 7 
days-a-week basis, the drill site will be lighted during the 
hours of darkness to permit continuous operations and to provide 
safe working conditions. The rig will be sited so as to be as 
unobtrusive as possible and will conform to all Hawaii outdoor 
lighting regulations. Copies of Hawaii Outdoor Lighting 
Regulations will be provided to the drilling contractor to 
insure compliance. After the rig is operational, a lighting 
survey will be made, and lights adjusted or shielded as 
necessary to_cause the minimum impact. 
The power plant site will be more than 2000 feet away from 
the residents in Lanipuna Gardens and Pohoiki Bay Estates and 
more than 3400 feet away from the residents in Leilani Estates. 
There are six residences within a half-mile and another 24 
residences within a mile of the power plant site. The 
relatively close distance between the project and residents 
prompts the developer to employ the most effective air and noise 
emission measures. 
During normal power plant operation, except for fugitive 
leaks, geothermal fluids including H2S will not be released to 
the atmosphere. During outages, steam will be released through 
rock mufflers after being treated to control the levels of H2S 
being emitted into the atmosphere. This abatement will keep the 
H2S concentration below levels known to cause health effects. 
825 levels will be monitored to verify the predicted impacts of 
this project. 
Also during normal power plant operation, noise levels will 
be reduced to meet the Planning Commission's guidelines. 
Attenuation includes employing engineering measures which range 
from cooling fan design and building material selection to 
siting the power plant within the saddle of the the adjacent 
puu's, orientation of noise emission sources away from 
receptors, the use landscaping features such as vegetation and 
berms, etc. In addition noise levels in the community will also 
be monitored to verify the predicted impacts. 
Based on the above, we have concluded that the proposed 
Geothermal Resource Permit Application has demonstrated that it is 
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consistent with the criteria for issuance of Geothermal Resource 
Permits as contained in Rule 12-6 of the Planning Commission Rules 
-and Chapter 205-S.l(e), Hawaii Revised Statutes, subject to the 
following conditions: 
1. This Geothermal Resource Permit grants approval for 
those uses and improvements described in the "Geothermal 
Resource Permit Application Amendment for the Puna 
Geothermal Venture Project,• dated March 1989, except as 
amended, modified, or conditioned by this Geothermal 
Resource Permit. Except as otherwise described in this 
permit, no other uses are authorized by this permit, and 
any proposed other uses of the geothermal resource or 
improvements to the land, whether to be conducted by the 
permittee or a third-party under contract to, or other 
agreement with, the permittee, shall be subject to prior 
review and approval, consistent with the appli~able Rules 
of Practice and Procedure of the Hawaii County Planning 
Commission. The Planning Director may, upon written 
request of the permittee, approve deviations from the 
project layout and uses permitted under this Geothermal 
Resource Permit if such amendments are consistent with the 
uses permitted and conditions of this Geothermal Resource 
Permit. No action pursuant to any such request for 
deviation by the permittee shall be taken without the 
written approval of the Planning Director. Amendments to 
the Geothermal Resource Permit and its conditions may be 
granted pursuant to Article 12-9 of the Rules of Practice 
and Procedure of the County of Hawaii Planning Commission. 
2. The permittee, its successors, or assigns shall be 
responsible for complying with all of the stated conditions 
of approval of this Geothermal Resource Permit. Should the 
Planning Director determine that there is noncompliance 
with the Geothermal Resource Permit or its conditions, the 
permittee may be subject to enforcement of the Geothermal 
Resource Permit conditions and penalties pursuant to 
Sections 12-10 and 12-11 of Rule 12 of the Rules of 
Practice and Procedure of the County of Hawaii Planning 
Commission. 
3. The permittee shall grant unrestricted access to the 
subject property(ies) to authorized governmental 
representatives or to consultants or contractors hired by 
governmental agencies for inspection, enforcement, or 
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monitoring of activities subject to or authorized by this 
Geothermal Resource Permit. A designated employee shall be 
available at all times for purposes of supplying 
information and responses deemed necessary by the 
authorized governmental representative in connection with 
such work. 
4. During the period of construction of the project, or 
during the drilling or testing of any well, the permittee 
shall submit a weekly written status report to the Planning 
Department which shall include: 
a. A brief description of the work undertaken during the 
previous week under the Geothermal Resource Permit; 
b. A description of the work being proposed during the 
next week under the Geothermal Resource Permit; and 
c. Any other information that the Planning Department may 
reasonably require which addresses the immediate 
environmental and regulatory concerns of the County of 
Hawaii or the requirements of the Geothermal Resource 
Permit. 
5. The permittee shall submit a written semiannual status 
report to the Planning Department by February 15 (covering 
the preceding period of July 1 through December 31) and 
August 15 (covering the preceding period of January 1 
through June 30) of each year. The status report shall 
include, but not be limited to: 
a. A brief summary of the work undertaken during the 
current reporting period under the Geothermal Resource 
Permit; 
b. A brief summary of the work being proposed over the 
next reporting period under the Geothermal Resource 
Permit; 
c. The results and analysis of all environmental 
monitoring activities undertaken as required by this 
Geothermal Resource Permit: 
d. A log of any complaints received by the project and 
the responses thereto; and 
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e. Any other information that the Planning Department may 
reasonably require which addresses the environmental 
and regulatory concerns of the County of Hawaii or the 
requirements of the Geothermal Resource Permit. 
6. If any environmental monitoring data collected as 
required under this Geothermal Resource Permit indicates 
that project operations are creating, or have the immediate 
potential of creating, excessive health or environmental 
effects not otherwise perm1tted by this Geothermal Resource 
Permit, the permittee shall submit such data to the 
Planning Department within 48 hours of its identification. 
7. The .permittee shal~ maintain a record in a permanent 
form suitable for inspection and shall make such record 
available on request to the Planning Director or his 
designee. The record shall include: 
a. Occurrence and duration of any start-up, shut-down,. 
and operation mode of each geothermal well and/or 
facility: 
b. Performance testing, evaluation, calibration checks, 
and adjustment and maintenance of the continuous 
monitor(s) that have been installed: and 
c. All measurements reported in units compatible with 
applicable standards/guidelines. 
B. Prior to the commencement of any grubbing or grading 
activity, the permittee shall: 
a. Submit a metes and bounds description of all lands to 
be disturbed including but not limited to all 
roadways, well pads, steam gathering system corridors, 
injection system corridors, power plant site, and 
transmission line corridors to Planning Director: 
b. Mark the boundaries of these sites to be disturbed in 
the field: and 
c. Comply with all requirements of Chapter 10 Erosion and 
Sedimentation Control, Hawaii County Code (the County 
grading ordinance). 
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9. No construction or transportation equipment shall be 
permitted beyond the prescribed boundaries of the areas to 
be disturbed. 
10. Prior to commencing any geothermal well drilling, 
testing, production, or injection activity approved under 
this Geothermal Resource Permit, the permittee shall submit 
to, and secure the approval of, the Planning Director of a 
hydrologic monitoring program. The program shall, at a 
minimum, provide for the quarterly monitoring of water 
levels and appropriate chemical species from existing wells 
completed within the shallow aquifer in those areas 
downgradient of the project area, including the Green Lake 
water S9pply, as well as from a well located within the 
project boundary and completed within the sh~llow aquifer. 
The monitoring, sampling, and analysis protocols shall be 
clearly defined in the program submitted to and approved by 
the Planning Director. The monitoring and sampling shall 
be conducted by a qualified contractor, and the samples 
analyzed by a qualified laboratory, selected by the 
permittee but subject to the approval of the Planning 
Director. The selected contractor and laboratory shall 
operate under contract to, and shall be funded by the 
permittee. The program shall monitor the shallow 
groundwater immediately prior to, and during, all periods 
of well drilling, testing, production, and injection 
activity approved under this Geothermal Resource Permit. 
The data obtained shall be submitted to the Planning 
Director in accordance with the requirements contained in 
this Geothermal Resource Permit for submittal of all 
collected environmental monitoring data. The County shall 
make random checks of the ground water supply no less than 
every two months. 
11. If pollution of the shallow ground water is 
demonstrated to be occurring from the project construction, 
operation or maintenance activities as determined by the 
Planning Director in consultation with the Department of 
Water supply and the Department of Land and Natural 
Resources, the permittee shall immediately take those 
measures necessary to eliminate the source of the pollution 
meeting with the approval of the affected ugencies. If any 
geothermal production or injection well demonstrates that 
the integrity of the well casing is lost such that the 
shallow groundwaters are being, or may immediately be 
Maurice A. Richard, Hawaii Regional 
Development Manager 
October 3, 1989 
Page 10 
polluted by the production or injection activity of that 
well, the permittee shall, as quickly as practical 
consistent with safety and prudent operating practices, 
cease the production or injection activity for that well, 
and the activity not resume for that well until adequate-
casing integrity is restored to the satisfaction of the 
Department of Land and Natural Resources. 
13. In the event the Department of Water Supply determines 
that the existing Green Lake county water source becomes 
contaminated by the permittee's geothermal wellfield 
system, the permittee shall immediately provide 
alternative(s) to the water supply, including the hauling 
of water_ if necessary as a temporary alternative, which 
meet the approval of the County's Department of Water · 
Supply and the State Department of Health. 
14. Only nonhazardous drilling mud additives, as 
recognized on the "California Department of Health Services 
Drilling Mud Additives Used in Nonhazardous Drilling Muds 
and Fluids" list, shall be used during the drilling of the 
geothermal wells, and which list shall be on file with the 
County Planning Department. 
15. All drilling mud solids and drill cuttings shall be 
discharged to and contained within the well pad sump. A 
disposal site or sites approved by the State Department of 
Health, prior to any disposal activity covered by this 
permit, shall be provided for sump contents and other waste 
materials to be disposed of from the drilling activity. 
All sumps/ponds shall be purged in a manner meeting with 
the approval of the State Department of Health. In the 
event there are no DOH requirements, the applicant and the 
Planning Department shall request for guidelines from the 
DOH for the purging of sumps and ponds. Said guidelines 
shall be available to the community. 
16. All geothermal brines, steam condensate, and 
noncondensible gases produced during normal project 
operations shall be injected into the geothermal reservoir. 
11. Prior to commencing any activity approved under this 
Geothermal Resource Permit on the project site, the 
permittee shall submit to, and secure the approval of, the 
Planning Director of an air quality and meteorological 
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monitoring program. The program shall include provisions 
for installation, calibration, maintenance and operation of 
recording instruments to measure air contaminant 
concentrations, the specific elements to monitored, the 
number of stations involved, and frequency of sampling and 
reporting. The Planning Director shall review and approve 
the submitted monitoring plan in consultation with and 
concurrence of the State Department of Health. The 
monitoring and sampling shall be conducted by a qualified 
contractor, and the samples analyzed by a qualified 
laboratory, selected by the permittee but subject to the 
approval of the Planning Director. The selected contractor 
and laboratory shall operate under contract to, and shall 
be funded by the permittee. The program shall monitor the 
air quality immediately prior to, and during, all periods 
of well drilling, testing, production, and injection 
activity approved under this Geothermal Resource Permit. 
The data obtained shalL be submitted to the Planning 
·Director in accordance with the requirements contained in 
this Geothermal Resource Permit for submittal of all 
collected environmental monitoring data. 
18. The permittee shall apply "Best Available Control 
Technology• (BACT) for air·emissions to all aspects of the 
project to minimize air quality impacts. BACT means the 
maximum degree of control for air quality concerns taking 
into account what is known to be practical and economically 
viable. BACT for each aspect of the project shall be 
determined by the Planning Director in consultation with 
other appropriate governmental agencies involved in the 
control or regulation of air quality from geothermal 
development projects. Such determination shall be made 
prior to issuance of any construction permit for that 
aspect of the project. BACT shall be subject to review by 
the Planning Director every five years, commencing with the 
date of approval of the Geothermal Resource Permit for the 
wellfield operations, and with the date of full power plant 
operation for the power plant. 
19. The permittee shall control all project emissions of 
hydrogen sulfide during normal power plant operation so 
that the increase in the ambient hydrogen sulfide 
concentration due to these project emissions shall not 
exceed 5 ppb at or beyond the project boundary. 
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20. With regard to air emissions, the permittee shall 
submit to the County Civil Defense and the Planning 
Department a map and accompanying text that describes 
predetermined •worst case• impacted areas. 
21. Prior to commencing any activity approved under this 
Geothermal Resource Permit on the project site, the 
permittee shall submit to, and secure the approval of, the 
Planning Director of a noise monitoring program designed to 
adequately ensure project compliance with the noise impact 
limitations contained in this Geothermal Resource Permit. 
The program shall include the monitoring of noise 
immediately prior to and during all periods of activity 
approved under this Geothermal Resource Permit. The 
monitoring and sampling shall be conducted by a qualified 
contractor, and the samples analyzed by a qualified 
laboratory, selected by the permittee but subject to the 
approval of the Planning Director. The selected contractor 
and laboratory shall operate under contract to, and shall 
be funded by the permittee. This program should also allow 
the correlation of any complaints of noise from the public 
with the level of measured noise, the meteorological 
conditions, and the type of operations which occurred at 
the site. The data obtained shall be submitted to the 
Planning Director in accordance with the requirements 
contained in this Geothermal Resource Permit for submittal 
of all collected environmental monitoring data. 
22. The permittee shall apply "Best Available Control 
Technology• (BACT) for noise emissions to all aspects of 
the project to minimize project noise. BACT means the 
maximum degree of control for noise concerns taking into 
account what is known to be practical and economically 
viable. BACT for each aspect of the project shall be 
determined by the Planning Director in consultation with 
other appropriate governmental agencies involved in the 
control or regulation of noise from geothermal development 
projects. Such determination shall be made prior to 
issuance of any construction permit for that aspect of the 
project. BACT shall be subject to review by the Planning 
Director every five years, commencing with the date of 
approval of the Geothermal Resource Permit for the 
wellfield operations, and with the date of full power plant· 
operation for the power plant. 
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23. The permittee shall notify the Planning Department and 
any resident within 3500 feet of the permittee's project 
boundary who has previously requested such notice, at least 
twenty-four (24) hours in advance of the open venting of 
each geothermal well and pipeline cleanout and 14 days 
before commencement of drilling. Initial notification to 
residents shall be made in writing, offering the 
opportunity to be placed on the notification list. Any 
other person may request to be on the list. The permittee 
shall notify the Planning Department immediately prior to 
the open venting of any geothermal well and pipeline 
cleanout. The permittee shall notify the Planning 
Department following completion of each geothermal well, 
prior to the demobilization of the drilling rig. 
24. Until such time as noise regulations are adopted by 
the State or County, the permittee shall comply with the 
following guidelines which shall be enforced by the 
Planning Department: 
a. During power plant and wellfield operations, the 
permittee shall not exceed a general noise level of 55 
dBA during daytime and 45 dBA at night at the current 
nearest residence. For the purposes of these 
guidelines, "night" is defined as the hours between 
7:00p.m. and 7:00a.m.; 
b. The allowable noise levels may be exceeded by a 
maximum of 10 dBA; however, in any event, the 
generally allowed noise level should not be exceeded 
more than 10 percent of the time within any 20-minute 
period, and the permittee shall conduct all operations 
so as to minimize the occurrence, frequency, and 
duration of this impact noise; 
c. The noise level guidelines specified above shall be 
waived only for the specified duration of authorized 
open geothermal well venting from all wells, steam 
pipeline cleanout periods, and the drilling and 
testing of wells from well pads E and F. During these 
authorized periods, BACT shall be applied. In 
addition, during the drilling and testing of wells 
from well pads E and F, the permittee shall meet a 
general noise level of 55 dBA during the day and 50 
dBA during the night at the current nearest residence; 
and 
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d. For the purposes of these noise conditions, the 
"nearest residence• is hereby defined as: For three 
years following the date of granting of the Geothermal 
Resource Permit, that permanently occupied dwelling 
nearest the applicable noise emission point as of the 
date of the granting of this permit;· for all following 
years, that permanently occupied dwelling nearest the 
applicable noise emission point. 
e. Sound level measurements shall be conducted using 
standard procedures with sound level meters using the 
"A" weighting and "slow• meter response unless 
otherwise stated. 
25. Pursuant to Article 12-8 of the Rules of Practice and 
Procedure of the County of Hawaii Planning Commission, 
prior to initiating construction of the project, the 
permittee shall submit the following to the Planning 
Director: 
a. Copies of approved permits and other applicable 
approvals for the project from other county, state, or 
federal agencies as applicable; 
b. Final plans or provisions for monitoring environmental 
effects of the project as required by this Geothermal 
Resource Permit or otherwise required to ensure 
compliance with County rules and the rules of the 
State Department of Health and Board of Land and 
Natural Resources and other permit-issuing agencies; 
c. A final plan of action to deal with emergency 
situations which may threaten the health, safety, and 
welfare of the employees and·other persons in the 
vicinity of the proposed project site; and 
d. A final site plan and elevatfons of proposed temporary 
and/or permanent structures for the project. 
26. Prior to commencing any activity approved under this 
Geothermal Resource Permit on the project site, the 
permittee shall submit to, and secure the approval of, the 
Hawaii County Civil Defense Director a final plan of action 
to deal with emergency situations which may threaten the 
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health, safety, and welfare of the employees and other 
persons in the vicinity of the proposed project site. The 
plan shall include but not be limited to, the following 
elements: 
a. A description of the project facilities and 
operations, with site plans identifying areas of 
potential hazards, such as high pressure piping and 
the presence, storage and transportation of flammable 
or hazardous materials, such as lubrication or fuel 
oil, isopentane, hydrogen sulfide, and sodium 
hydroxide: 
b. A description of emergency services available off-site 
to respond to any emergency: 
c. A description of the current onsite chain of command 
and responsibilities of project personnel in the event 
of an emergency: and 
d. A description of potential project emergency 
situations, such as loss of well control, chemical 
spills, hydrogen sulfide exposure, pipeline rupture, 
fires, contaminated solids, etc. identifying: 
(i} technical data on the nature of the hazard 
(for example, the concentrations of hydrogen sulfide 
in the various areas and the hazard associated with 
these concentrations, the corrosive characteristics of 
the abatement chemicals}, or any data regarding the 
possible aerial extent of each potential emergency 
situation: 
(ii} the warning systems (such as hydrogen 
sulfide detectors} used to alert personnel of the 
hazard: 
(iii) the location and use of equipment used to 
control the hazard (such as fire protection equipment 
or isolation valves) or repair hazardous equipment 
(such as welding equipment or casing sleeves), and 
safety equipment for personnel (such as respiratory 
packs), including identification of the personnel 
trained in the use of that equipment; and 
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(iv) provisions for the monitoring, detection, 
and inspection of wells and plant facilities for the 
prevention of emergency situations. 
e. Provisions to address natural hazards (such as lava 
flows, earthquakes, and storms) that identify warning 
systems, control options, steps for securing and 
shutting down the facility, personnel evacuation, and 
notification to appropriate agencies; 
f. The location and capabilities of available medical 
services and facilities and plans for treating and 
transporting injured persons; 
g. Evacuation plans, including meeting points, personnel 
rosters, and escape routes; 
h. Training requirements for personnel, including 
procedures for emergency shutdown, handling of 
emergency equipment, spill prevention, first aid and 
rescue, fire fighting procedures, and evacuation 
training; 
i. Provisions for periodic emergency preparedness drills 
for personnel; 
j. Detailed procedures to be used to ~acilitate 
coordination with appropriate federal, state, and 
county officials during and after any emergency 
situation; and 
k. Procedures to be used to identify and inform all 
residents within applicable distances of the project 
of the possible emergency situations, warnings, and 
responses in advance of commencement of project 
operations and the methods by which all individuals 
affected by a given emergency will be notified and 
evacuated, as necessary. 
Copies of the emergency plan shall be made available to the 
public by the applicant. 
27. Reports and records of emergency situations shall be 
submitted to the Planning Department upon occurrence of 
such emergencies. 
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28. Within 48 hours after an earthquake registering 6 or 
above on the Richter Scale and/or within 48 hours after an 
eruption has occurred, all wells within 10 kilometers of 
the epicenter or eruptive center, shall be examined for any 
physical changes which would alter its downhole integrity. 
A report of this examination shall be filed with the 
Planning Department within 48 hours of the examination. 
29. In the event the Hawaii County Civil Defense Agency 
determines that an emergency situation resulted from the 
permitted geothermal activity, the permittee shall bear all 
costs of evacuation. The Hawaii County Civil Defense 
Agency shall be responsible for public and media 
notification and evacuation of members of the public in the 
event the Agency deems such action necessary as a result of 
an emergency situation. 
30. Prior to the commencement of any surface· disturbing 
activity, the permittee shall conduct an archaeological 
survey of those areas planned for surface disturbance not 
previously surveyed and submit the results of this survey 
to the Planning Department for review and.approval. 
31. If construction activities expose any cultural 
remains, the permittee shall immediately cease work in the 
area of the cultural remains and contact the Planning 
Department and the State Historic Preservation Office. As 
appropriate, a qualified archaeologist shall be retained by 
the permittee to implement any necessary mitigation 
measures and monitor further work. Work in the affected 
area shall not resume until such time that clearance is 
obtained from the Planning Department. 
32. The lighting used shall not interfere with the 
operations at the observatories located on Mauna Kea. To 
meet this requirement, the permittee shall comply with the 
requirements of Chapter 14, Article 9 of the Hawaii County 
Code, relating to outdoor lighting. 
33. All lights shall be at a minimum level consistent with 
the safety of operations and shall be shielded or directed 
away from surrounding residential or populated areas and 
not interfere with important biological resources in the 
area. 
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34. The permittee shall submit to, and secure the approval 
of the Planning Director of a detailed landscaping and 
siting plan. The siting plan shall show plan and 
elevational views of all proposed temporary and/or 
permanent structures for the project. The plan shall also 
show the site topography, natural features and proposed 
berms, planting schedules, tree sizes, heights (actual size 
of trees to be planted), type of irrigation system, etc. 
Installation of approved landscaping improvements shall be 
commenced within three weeks from the completion of 
construction of each well pad, access road, or other 
facility. The plan shall also include: 
a. A-landscaping maintenance program; 
b. A line-of-sight analysis, being especially sensitive 
to views from surrounding residences, of the view 
planes from the site property lines, from the 
intersection of Leilani Avenue and the Pahoa-Pohoiki 
Road, for the intersection of the proposed access road 
and the Pahoa-Kapoho Road, from the intersection of 
Lauone Street and Hinalo Street in Lanipuna Gardens, 
and the intersection of the Kapoho-Kalapana Road and 
the access road to Vacationland; and 
c. To the extent possible, the well sites and power 
plant shall be landscaped and sited to reflect the 
existing agricultural character of the area, and 
utilize native plantings. 
35. To the extent compatible with engineering and 
aesthetic considerations, all exterior surfaces shall be 
rough texture, with no reflective metal, and no reflective 
glass surfaces oriented toward surrounding residential or 
populated areas within line of sight. The exterior of all 
project structures, including fluid conveyance pipelines, 
shall be painted in colors so as to blend in with the 
surrounding environment. 
36. The permittee shall submit and secure approval of a 
revegetation/site reclamation plan meeting with the 
approval of the Planning Director in consultation with the 
Forestry Division of the Department of Land and Natural 
Resources. When construction is completed on any 
individual project site, or if the project area is 
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abandoned, all denuded areas on and around the project site 
shall be revegetated in accordance with this plan. Said 
plan shall include appropriate security to assure its 
implementation in a timely manner. 
37. The permittee shall obtain and maintain those bonds 
required for project operations by the rules and 
regulations of the Board of Land and Natural Resources and 
the Department of Health. 
38. The permittee shall obtain and maintain builder's risk 
and comprehensive liability insurance for project 
constru~tion and operation activities. 
39. The permittee shall notify each resident household 
within a radius of 3500 feet from any geothermal well at 
least twenty four (24) hours prior to, and again the 
morning of, any planned venting of that ·well. Each 
resident within this radius of 3500 feet shall be offered 
the opportunity to voluntarily leave the area during the 
well ventin9. The cost of such voluntary leaving, up to a 
maximum of $100.00 per resident or $200.00 per household, 
whichever is lesser, shall be borne by the permittee. Open 
adequate demonstration to the permittee that any such 
resident is unable to pursue his normal, legitimate 
employment or business activity as a result of such 
voluntary leaving, the permittee shall reimburse that 
resident for that one day's lost income, in an amount not 
greater than $150.00. 
40. Upon adequate demonstration to the permittee that any 
adverse alteration of the quality of the water has occurred 
as a result of venting to the atmosphere, the permittee 
shall immediately rinse the water.catchment system and 
replace the stored water of any water catchment system 
within a radius of 3500 feet of any well. Upon adequate 
demonstration to the -permittee that any agricultural crop 
damage resulted directly from any of the permittee's well 
venting operations, the permittee shall also provide 
compensation to the owner of agricultural operations 
located within a radius of 3500 feet of that well. In 
either situation, compensation will only be considered if 
the agricultural crops and water catchment system are 
inventoried and registered with the permittee prior to the 
venting. Other requests shall be considered by the 
permittee on a case-by-case basis. 
.. 
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41. The permittee shall establish and publish a telephone 
number for use by local individuals for the lodging of 
complaints or inquiries regarding status of operations. A 
designated representative of the permittee shall be 
available, 24 hours a day, to respond to any local 
complaints or inquiries. 
42. Large vehicle deliveries to the project site shall be 
limited to daylight hours. For the purposes of this 
condition, daylight hours is defined as the hours between 
7:00 a.m and 7:00 p.m. This condition shall not apply for 
vehicles responding to emergencies. 
43. An· extension of time for the performance of conditions 
within the permit may be granted by the Planning Director 
upon the following circumstances: 1) the non-performance 
is the result of conditions that could not have been 
foreseen or are beyond the control of the applicants, 
successors, or assigns and that are not the result of their 
fault or negligence~ 2) granting of the time extension 
would not be contrary to the General Plan or Zoning Code; 
3) granting of the time extension would not be contrary to 
the original reasons for the granting of the Geothermal 
Resource Permit; and 4) the time extension granted shall be 
for a period not to exceed one (1) year and 5) if the 
applicant should require an additional extension of time, 
the Planning Director shall submit the applicant's request 
to the Planning Commission for appropriate action. 
44. All other applicable rules, regulations, and 
requirements, including those of the State Department of 
Health and the State Department of Land and Natural 
Resources shall be complied with. 
45. The permittee shall obtain, and comply with the 
provisions of, permits to drill, modify use or abandon, as 
appropriate, from the State Board of Lands and Natural 
Resources for each geothermal well approved under this 
Geothermal Resource Permit. 
46. The permittee shall obtain and comply with the 
provisions of, Underground Injection Control Permits, as 
appropriate, from the State Department of Health for all 
geothermal injection wells approved under this Geothermal 
Resource Permit. A copy of the UIC Permit and any 
conditions shall be available in the County Planning 
Department. 
.. 
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47. The permittee shall obtain, and comply with the 
provisions of, Authorities to Construct and Permits to 
Operate from the State Department of Health for all 
applicable project ~perations approved under this 
Geothermal Resource Permit. 
48. The permittee shall secure all necessary approvals and 
clearances including Plan Approval pursuant to Chapter 25 
of the Hawaii County Code, within one (1) year from the 
effective date of the Geothermal Resource Permit. 
49. Construction shall commence within one (1) year from 
the date of receipt of Final Plan Approval. 
SO. The permittee shall submit a written semiannual status 
report .to the Planning Commission on the permittee's best 
efforts to address/comply with the "Other Agreements and 
Recommendations• as contained in Section 5 of the final 
report on "Mediation of Geothermal Resource Permit 
Application 87-1" dated August 21, 1989, regarding but not 
limited to the collateral agreements and commitments the 
permittee made during the mediation process, and which the 
permittee considers to be contractual obligations subject 
to the issuance of a satisfactory Geothermal Resource 
Permit. The status report shall be submitted by February 
15 (covering the preceding period of July 1 through 
December 31) and August 15 (covering the preceding period 
of January 1 through June 30) of each year. 
51. Prior to the issuance of the first 
building/construction permit under this Geothermal 
Resources Permit (GRP) by the County of Hawaii, the State 
of Hawaii and the permittee shall each contribute towards a 
Geothermal Asset Fund or other appropriate existing fund 
for the purposes of geothermal impact mitigation efforts 
within the District of Puna. The permittee's initial 
contribution to the fund shall be a sum of $60,000, due 
within thirty (30) days after the effective date of this 
GRP permit, and annual sums of $50,000 due on or before the 
anniversary date of this GRP permit over a period of eight 
(8) consecutive years thereafter for a total of $460,000. 
Annual contributions thereafter shall be determined between 
the permittee and the State of Hawaii or $50,000 annually, 
whichever is greater. The State's initial annual 
contribution to the Geothermal Asset Fund shall be the net 
revenues derived from the resources generated by the HGP-A 
well, or a similar amount from other State funding sources 
• • • 
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less any allocations entitled to the Office of Hawaiian 
Affairs and operations and maintenance costs. In the event 
that future enabling legislation provides for a percentage 
of the State's geothermal royalties to be allocated to the 
County, upon concurrence with the County Council, said 
royalties may also be deposited to the fund. The 
administration and expenditure of assets from this 
Geothermal Asset Fund shall be in accordance with rules, 
regulations and procedures developed for that purpose by 
the County in accordance with Chapter 91, Hawaii Revised 
Statutes, and with participation of Puna res~aents or 
representatives thereof, which shall include, but not be 
limited to, provisions and criteria to enable the first 
priority of distribution for temporary or permanent 
relocation of those property owners who are found, ·in 
accordance with criteria established in the rules, to be 
adversely impacted by the activities authorized, provided 
that such relief is applied for within a period of one (1) 
year of the impact. A priority list of impact mitigation 
projects may be established by the County Council or agency 
designated by the Council in conjunction with Puna 
residents or designated representatives thereof, with the 
exception of upgrading existing subdivisions in the Puna 
District to current subdivision standards and 
specifications of the County of Hawaii. Should any other 
district(s) of the County of Hawaii be proved to be 
negatively impacted by activities authorized under this or 
any other subsequent GRP, that district shall receive a 
pro rata share of the fund assets as may be determined by 
the County Council or agency designated by the Council with 
expenditures to follow a prioritized schedule determined as 
outlined above. The rights granted to the permittee shall 
not be conditioned upon any contribution or further 
participation by the State in the fund nor with respect to 
the creation, management, and operation of the fund other 
than set forth above. 
Sincerely, 
~~~~ ·aazgt~fHzuoo n 
Planning Commission 
cc: Mr. Peter Adler 
Mediation Parties (list) 
DBED 
DOA 
DLNR/Bonolulu 
DOH 
Mr. Ralph Matsuda 
1 
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JOHN WAIHEE 
GOVERNOR OF HAWAII 
'• 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Mr. Duane Kanuha 
Director 
Planning Department 
County of Hawaii 
25 Aupuni Street 
Hilo, Hawaii 96720 
Dear Mr. Kanuha: 
P. 0. BOX 821 
HONOLULU, HAWAII 96809 
JUN 5 1989 
WILLIAM W. PATY, CHAIRPERSON 
BOARD OF lAND AND NATURAL RESOURC£9 
LIBERT K. LANDGRAF 
DEPUTY 
AQUACULTURE DEVELOPMENT 
PROGF1AM 
AQUATIC RESOURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARI<S 
WATER AND LAND DEVELOPMENT 
Thank you for the opportunity to review and comment on the application for a 
Geothermal Resource Permit submitted by Puna Geothermal Venture (PG V). 
We have no major objections regarding the 25 MW geothermal project 
proposed for the island of Hawaii, but would like to offer the following comments: 
1) The PGV application states that up to a maximum of 500 gallons per minute 
(720,000 gal/day) of water may be required for re-injection operations to 
maintain injection flow and to provide a sufficient quantity of fluid to absorb 
the noncondensable gases. It is indicated that this supplemental water may be 
supplied by one or two wells developed near the plant site. 
The applicant (PGV) should be advised that pursuant to .the Department 
of Land and Natural Resources' Administrative Rules, Chapter 13-168, a well 
construction and pump installation permit, in addition to a well completion 
report will be required for the construction of any proposed water well. 
Futhermore, the applicant shall be required to comply with all other applicable 
regulations identified within that chapter. 
2) Pursuant to PGV's proposal to re-inject geothermal fluids and noncondensable 
gases back into the geothermal reservoir, and in response to community 
concerns regarding potential impacts to the ground water aquifer down gradient 
from the site, it is recommended that if water wells are to be developed, that 
they be strategically sited within the project area so that they may serve as 
monitor wells as well as sources of supplemental water. 
Placement of these supply wells down gradient from the injection well 
sites will allow for periodic sampling of the existing ground water aquifer and 
the monitoring of the proposed injection operations. 
.. 
' . 
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3) It is futher recommended that the applicant file monthly reports of re-injection 
data, including but not limited to, quantity of fluids injected, chemical 
composition, and any changes in injection pressures which may indicate that the 
injected fluid is no longer confined to the intended zone of injection. 
4) All work shall be performed in accordance with the Department of Land and 
Natural Resources' Administrative Rules (Chapters 13-183 and 13-184), and all 
other applicable Federal, State, and County laws, ordinances, rules and 
regulations pertaining to the lands and permittee's operations including, but not 
limited to, all water and air pollution control laws, and those relating to the 
environment. 
5) If any unanticipated sites or remains of historic or prehistoric interest (such as 
shell, bone-,_ or charcoal deposits, human burials, rock or coral alignments, 
paving, or walls) are encountered during the applicants operation, the applicant 
shall stop work and contact the State Historic Preservation Office at 548-7460 
or 548-6408 immediately. 
Thank you again for the opportunity to comment on the subject application and 
should you have any questions, please contact Dan Lum at 548-7643. 
• 
,J \ 
May 22, 1989 
Reference No. 891AiS 
Mr. William Paty 
Chairman 
~· '' 
Board of Land and Natural 
Kalanimoku Building, #130 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
-·' ---
Resources 
Subject: Well Modification Permit Request 
Reference: Geothermal Well: Kapoho State #1-A 
Geothermal Resources Mining Lease R-2 
Location TMK 1-4-01:02 Kapoho, Puna District, 
Hawaii County Leased to Kapoho Land Partnership 
Dear Mr. Chairman: 
A Department of Land and Natural Resources (DLNR) permit exists 
for the drilling and completion of the reference well. Since 
the conclusion of drilling and flow testing in 1985, Kapoho 
State #1-A has been maintained in a shut-in status with 
periodical gas cap ventings and incineration or burning of the 
exhausted gases. Puna Geothermal venture (PGV) has closely 
monitored this well and complied with DLNR reporting 
requirements. 
Puna Geothermal Venture herewith submits a Well Modification 
Permit request consistent with Chapter 183 of Title 13, 
Subchapter 183-65~4. 
The attached work description and well casing configuration 
drawing including the approximate location of the proposed 
cement plug is attached for reference. 
In brief, the PGV request is based on a technical need to 
periodically service the wellhead assembly to maintain a high 
standard of reliability and integrity. This routine servicing 
process is also timed to fit within the overall 30 MW 
development schedule and expected county permitting approvals 
and related requirements now in progress. 
PUNA GEOTHERMAL VENTURE 
0 101 Aupuni Street Suite 1 014-B, Hilo, Hawaii 96720 
0 610 East Glendale Ave., Sparks, Nevada 69431-5611 
• 
• 
Telephone (606) 961-2184 
Telephone (702) 356-9111 
• 
• 
Facsimile (808)961-3531 
Facsimile (702)356-9125 
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Your early consideration and approval will be appreciated. 
Please contact the Hilo office of Puna Geothermal Venture if 
you or your staff have any questions about the above request. 
Sincerely, 
ce A. Rich rd 
Ha aii Region 
Development Ma~ager 
Attachment 
MAR/ci 
, ,.,n A Y - 1 Z - 8 9 F R :I 
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Program to Temporarily Suspend KS-JA with Cement Plug 
1) Puwose of Work 
It will be at least a minimum of a year before KS-lA is needed for production service. 
Therefore PGY has decided to temporarily suspend the well by setting a 150 foot 
cement plug in the casing at 3000 feet This will eliminate the need for further gas 
burns and will permit the wellhead to be serviced and the condition of the production 
casing to be checked in preparation for putting the well in service. 
2) Plan of WQik 
The design of KS-1A showing the planned cement plug is shown in the attached 
figure. The setting depth of 3000 feet was chosen in order that the reservoir pressure 
beneath the plug will be balanced by the pressure exerted by the column of water in 
the wellbore above the plug. A rig will not be needed to cany out the work. 
The operation is planned as follows : 
1. Run sinker bar to 4500 feet. 
2. Run a static pressure and temperature survey to 4500 feet 
3. Nipple-up pump to 3" side valve and kill well by slowly pumping cold 
water. 
4. With the well killed run an 8" gauge ring to 3500 feet Continue to pump 
water to maintain kill. 
S. Run temperature survey to 4000 feet while maintaining kill to assess 
well bore temperatures for cement slurry design. 
6. lnsen 9 5/8" bottom wiper plug through wellhead. 
7. Pump 7 S gallons (25 liner feet) water on top of plug. 
8. Mix: 60 cu ft (150 liner feet) geothermal cement and drop on top of water. 
9. In sen top wiper plug and displace cement plug to 3000 feet with water 
(220 barrels). 
10. Wait on cement 24 hours. 
11. Run sinker bar to top of cement to check depth. 
12. Shut-in wellhead and secure. 
The operation is anticipated to take a total of S to 7 days. 
- ........ ---. • - --•-J 
KAPOHO STATE #1A WELL 
l<B .. HI' 
2G' HOLE !-+~~--- 20' SURFACE CASING (CEMENTED) 
. •· 941 H40 BT +C (0 • 1377, 
1' 
;~~----- T PRODUCTION LINe! (UNCEMENTED, Sl 
26# C90 VAll. (:3874' • 6505? 
Planned Cement Plug in KS-lA 
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Reference No. 8 9S~7 f-·\1\i\ '2.9 A 9 : 0 3 
M: . Duane Kanuha ' I ( F \lUI m~ A. 
Dtrector ll!f· l, 1 ,, "'~\ENT Planning DepartmentA11D Odt:.Uh 
County of Hawaii 
25 Aupuni Street 
Hila, Hawaii 96720 
Re: Puna Geothermal Venture Project Geothermal Resource 
Permit Application Amendment - Additional Information 
Dear Mr. Kanuha: 
As indicated in our February 10, 1989 letter, Puna Geothermal 
Venture {PGV) hereby submits additional information to 
supplement the Puna Geothermal Venture Project Geothermal 
Resource Permit {GRP) Application Amendment on December 30, 
1988. To tacilitate the review of this additional information 
by your staff, and to enable a clearer understanding of the 
project by the general public, PGV has incorporated this 
additional information into the text of the original 
application amendment. Accordingly, the attached twenty-five 
{25) copies of the additional information are presented in the 
form of a complete GRP Application Amendment, and are intended 
to replace, in their entirety, those copies of the GRP 
application amendment ~ubmitted in December 1988, which should 
now-be~discarded,, Also attached are five {5) full size copies 
of the oversize blueline drawings which are also reproduced in 
an 11" x 17" format in the application amendment. 
This additional information provides a more thorough 
description of the proposed 25 MW {net) PGV Project and its 
environmental impacts. The additional information falls into 
three broad categories: 
1) Additional descriptions of the environment in the project 
area, taken principally from previous studies at Puna; 
2) Additional details regarding aspects of the proposed 
project based, in part, on further progress on the design 
for the project; and 
3) Additional refinements in the analyses of the potential 
impacts of the proposed project, which have been 
developed both for this permit and the Authority to 
Construct Permit applications for the PGV Project power 
plant and wellfield, submitted concurrently to the State 
Department of Health. 
PUNA GEOTHERMAL VENTURE 
0 101 Aupuni Street Suite 1014-8, Hila, Hawaii 96720 • 
0 610 East Glendale Ave., Sparks, Nevada 89431-5811 • 
Telephone (808) 961-2184 
Telephone (702) 356-9111 
• 
• 
Facsimile (808) 961-3531 
Facsimile (702) 356-912! 
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A large body of environmental information about the proposed 
project area has previously been developed, including the data 
presented in the Geothermal Resource Permit application 
originally submitted by PGV on December 10, 1986 and data 
presented in the Puna Geothermal Venture Project Final 
Environmental Impact Statement, accepted by the Planning 
Department December 28, 1987. The GRP application amendment 
submitted in December, 1988 originally only referenced this 
information; now the applicable data has been incorporated into 
the attached document. 
The additional details regarding aspects of the proposed 
project includes both more information on subjects included in 
the December, 1988 GRP application amendment and refinements in 
the project design made as a result of recent engineering 
analyses. Much of the new information is explanatory, e.g., 
the document clarifies that the GRP is for a 500-acre project 
area, but the proposed project will occupy only .about 5 percent 
of the surface of this area (25 acres). More detail has been 
included on the proposed drill rig layout and operation, and 
new figures have been added to the description of the wellfield 
facilities (Section 3.2.1) to clarify the nature of proposed 
drilling activities. A new section (Wellfield Development 
Plan, Section 3.2.1.1) has been included to discuss the number 
of wells and the order in which PGV anticipates drilling these 
wells, although the document also indicates that this sequence 
may change as more reservoir data is obtained. To help 
visualize the proposed power plant, photographs of Ormat Energy 
Converter (OEC) units and air-coolers, installed in Nevada and 
California geothermal power plants, have been included in 
Appendix c. An artist's rendering of the project is also being 
prepared, which will be submitted shortly. 
The refinements in project design since the December, 1988 GRP 
application amendment mostly affect the internal layout of the 
power plant site. These refinements are summarized as follows: 
1. The 25 MW (net) project will now consist of ten (10) 
modules. Each module will contain a 1.8 MW back-pressure 
steam turbine that exhausts into a 1.2 MW OEC unit, each 
connected to a common nominal 3 MW generator. Each OEC, 
unit will generate power from the low-pressue exhaust 
steam of a steam turbine, and the working fluid in the 
OEC unit binary cycle (isopentane) will be condensed by 
air coolers. In this design, the geothermal fluids never 
come in contact with the atmosphere during normal 
operation and the plant has a lower profile (maximum 24 
feet for principal components). 
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2. The configuration of the air coolers has been changed, 
and several of the auxiliary facility locations have been 
moved, which alters the layout but not the size or 
boundary of the power plant site. The site plan and 
elevation drawings have been revised, and oversize 
drawings have been included to show the location of 
equipment and the process flows in detail. 
3. The emergency steam release facilities (rock mufflers and 
holding pond) have been moved to approximately 250 feet 
southeast of the power plant site to improve dispersion 
of emergency steam releases, which will occur less than 
one (1) percent of the time. 
4. The isopentane emergency release system has been revised 
to vent through ten individual stacks, which rise eight 
(8) feet above the air coolers, to enhance the dispersion 
of any isopentane emissions. 
5. The temporary construction yard has been moved slightly, 
and a more detailed description of this and other 
temporary facilities is included. 
6. The duration of infrequent project emissions have been 
more clearly defined: unabated emissions during drilling 
with aerated water or mud will be less than ten (10) 
minutes per event; unabated emissions during well venting 
will be less than four (4) hours per well; pipeline 
cleanout will last for thirty (30) minutes per pipeline; 
H2S emissions from emergency steam releases will be 
reduced by 98 percent; and emergency isopentane releases 
will be less than a few minutes a year. 
The most recent analyses of the air quality impact of the 
proposed project shows that more than 99 percent of the time, 
project emissions will be limited to fugitives, with negligible 
impacts. The greatest impacts from hydrogen sulfide will come 
from well venting, although these impacts will be limited to 
less than about one-half the proposed state hydrogen sulfide 
ambient air quality standard by scheduling venting to periods 
when winds are equal or greater than 4 m/s. 
'' 
The noise impact analysis shows that the noise level from the 
power plant can be controlled to meet the county geothermal 
guidelines for residential areas during nighttime. Mitigation 
measures are proposed to reduce the impacts from well drilling. 
/ 
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Finally, we should point out that the proposed PGV Project has 
not direct relationship to the scientific observation hole 
(SOH) program now being proposed by the University of Hawaii, 
although one SOH location is within the PGV Project area and 
will provide useful information on the reservoir. The PGV 
Project can and will proceed independently of the SOH program. 
In addition, the proposed PGV Project has no direct 
relationship to the HGP-A Project, located immediately adjacent 
to the proposed PGV Project. The design and operation of the 
PGV Project is completely different than that of the HGP-A 
Project, and these fundamental differences, principally the 
injection back into the geothermal reservoir of all geothermal 
fluids and gases without use of brine ponds during normal 
operations, will result in a project which will have none of 
the major impacts associated with the HGP-A project, such as 
the continuous emission of HzS or the silica deposits which 
occur with the brine ponds. 
PGV would like to thank you and your staff for your assistance 
to date with this application amendment, and offer our complete 
cooperation in your timely review and early approval of this 
PGV Project Geother~l Resource Application Permit. ( 
• 
una eothermal Venture 
Hawaii Regional Development 
Manager 
Attachments 
cc: 
D. carey w/attachments 
MAR/ci 
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State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
March 10, 1989 
Chairperson and Members 
Board of Land and Natural Resources 
State of Hawaii 
Honolulu, Hawaii 
Gentlemen: 
Approval of Amendment to 
Plan of Operations for 25 MW Geothermal Project, 
State Mining Lease No. R-2. Kapoho. Puna. Hawaii 
As required by State Mining Lease No. R-2 and Administrative Rules 13-183, 
Puna Geothermal Venture, sublessee, has submitted for Board approval an amendment 
to Plan of Operations for a geothermal project involving a 25 Megawatt power plant 
and associated well field. 
The amended 25 MW project will be located in the Kapoho section of the 
Kilauea Lower East Rift Geothermal Resource Subzone in Puna. Hawaii, and will sell 
geothermal produced electricity to Hawaii Electric Light Co. for use on the Island of 
Hawaii. The amendments to the original Plan of Operations (December 1986) will 
reduce potential environmental impacts through the use of back-pressure steam 
turbines, air-cooled binary cycle steam turbines, and the injection of spent geothermal 
fluids and gases back into the geothermal reservoir at depth. 
The completion date of the first phase which will produce 12.5 MW of 
electricity is expected to be late 1989. The second phase which will produce an 
additional 12.5 MW is expected to be completed by mid 1990. 
RECOMMENDATION: 
That the Board approve the amendment to Plan of Operations submitted by 
Puna Geothermal Venture for a 25 MW geothermal project on State Mining Lease No. 
R-2, subject to the following conditions: 
(1) That Puna Geothermal Venture comply with all applicable statutes, ordinances, 
rules and regulations of the Federal, State, and Cmmty governments. 
(2) Other terms and conditions as may be prescribed by the Chairperson. 
APPROVED FOR SUBMITTAL 
-·---
M ABU T AGOMORI 
Mana er-Chief Engineer 
Acprov"'rl !~:' tf-.~ 'l:1f!td 0f 
I ~ ... ! fl. ,.I • "·.1 ~''•''"'"rl'ftft 
I. · · · 1 • '· · , · .. ·- r~ 1L __ -·~- vc J STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
199ff~~ o~f?~nrvation and Env~:onmental Affairs 
_ U Honolulu, Hawa11 
JIIV. 1/F i"JATFR F., 
LM:D O:_'.L.:LOH·lHH FEB 27 1989 
MEMORANDUM 
TO: Mr. Manabu Tagomori, Deputy Director 
Commission on Water Resource Management 
FROM: Roger C. Evans, Administrator 
FILE NO.: 89-383 
DOC. NO.: 5210E 
Office of Conservation and Environmental Affairs 
SUBJECT: Review of Puna Geothermal Venture's (PGV) Amendment to 
Plan of Operation for the 25 MW Geothermal Project 
According to Mr. Maurice Richard's correspondence, principal 
among the proposed changes is the use of back-pressure steam 
turbines, in combination with air-cooled binary cycle turbines, in 
place of the steam turbines and cooling towers proposed by Thermal 
Power Company (TPC). 
A benefit from the amendment is that it will essentially 
eliminate hydrogen sulfide emissions, while most other 
environmental impacts from this project will be the same as those 
described in the Puna Geothermal Venture (PGV) Project Final EIS. 
The Arnor Corporation's proposed PGV Project will be located on the 
same site as the PGV project proposed by TPC, and will use the 
same well pad locations and the same geothermal resource. 
As such, OCEA has no concerns about the amendment that would 
impact our programs, and regard the elimination of the hydrogen 
sulfide emissions as a benefit to the 25 MW Geothermal Project. 
Please feel free to call me or Roy Schaefer of our Office, at 
7837, if you have any questions. 
-
ROGER C. EVANS 
. 
XE~OX TELECOPIER 295 ; 2-2'7-89; 1:23PM; 9b1J531 -'t 
2-27-89 MON 13:27 ORMAT-PGV 
b40b4G 1 ; # 2 
P-02 
FEB 27 '99 !5:88 EMA-BH'f< 
CHANGES TO THE PUNA GEOTHBRMA~ VENTURE PROJECT 
GEOTHERMAL RESOURCB PERMIT APPLICATION 
(VERSION OF DECEMBBR 1988) 
Changes Made in Response T9 Questions Aske4 by tne County of 
Hawaii: 
1) 
2) 
3) 
4) 
S) 
Believin9 that reviewers of the Geothermal Resource Permit 
Application (GRP) would be confused by the many raf .. renp'l"l> , 
to information pregantad in the Environmental Impact ~~ 
Statement (EIS) ptev~•ed for the previous Puna Geotherma 
Venture (PGV) Project, the County amked that the CRP be 
revised to incorporate into the GRP all the pertinent --
information from the EIS which is required by Rule 12. In 
response, PGV is revising the GRP to include some additional 
information from the EIS reqarding geology, air quality, 
noise, and visual impacts, among others, and reviewing all 
references to the EIS in the GRP to make certain that the 
EIS is only presented as a source ot information, not a 
document which m~st be reviewed to understand the PGV GRP. 
At the request of the County, PGV is revising the GRP to 
include additional specific information regarding the dri11 
rig layout and operation, and the potential impacts and 
mitigation measures for noise and visual aspects of the 
geothermal well drilling operation. 
To assist the County, PCV has rewritten the section which 
describes the 816 acres geothermal lease, the 500 acres for 
which this GRP is applied, and the 25 acres of actual 
surface disturbance. 
~he County has asked fo~ addi~ional d!&cussion of ~he 
activities described on the project development schedule. 
Specifically, with regard to the power plant development, 
ormat has indicated that the Fower plant will consist of 10 
modular units, each consisting of an approximately 1.8 MW 
bac~ pressure ~team turbino and a 1.2 MW OEC modul~r binary 
turbine unit, connected to a common 3 MW generator unit. 
PGV has also indi~ated that with re~ards to the three 
~tart-up situations identified in F1gura 3-14 of the CRP: 
1) the lnitial sta9e will eonsist of operating only some of 
the OEC units lfithout the ateam turbines: 2) the middle 
stage will consist ot operatinq 5 steam turbine/OEC unit 
modUles and 5 OEC-only modules; and 3) completion Will be 
reached when all 10 steam turbinejOEC modules are 
operational. Depending on the final power sales agreement 
with HELCO, there is also a possibility that the first two 
stages will be combined into one stage of approximately 
12.5 MW 1 consisting of the 10 OEC units only. 
In response to the County's request for additional 
information regarding the wellfield development plan, 
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including the order in which the wells would be drilled and 
their bottomhole locations, PGV has craated a new eect~on of 
the GRP for describing tho current wellfield d~velopment 
plan and its rationale, and providing a proposed initial 
sequence for well drilling. ~lthough not proposinq specific 
bottomhole locations tor the geothorm~l wells, PGV is 
revising the CRP to include additional information regarding 
why the wells will be directionally drilled and how the 
de~isions will be made regarding the order in which the 
wells will be drilled and the bottomhole targets selected. 
6) The County has asked about how the proposed PGV Project 
relates to other activitiec propocod for thi~ s~me project 
site area, including the scientific observation holes. PGV 
has indicated that there is no direct relationship between 
those proposed scientific observation holes and the propoeod 
PGV Project, although some ot the information produced by 
the scientific observation hOle program may be useful to the 
PGV Project, and PGV may desire similar information on its 
leases in the future. 
7) The County has asked PGV to provide more and better 
inlol.'lllotion to help them visualize wl~.!!.t tlus prujec..:t wlll 
look like. To the extent that this project will be aimilar 
to other geothermal projects in Nevada and California, PGV 
nas attached to the revised GRP several photographs and with 
explanatory material regarding geothermal power plants which 
utilize OEC units and;or air cooling. In addition, the 
building schematics have been altered and improved, and 
additional in~ormation regarding the aesthetic impact of th~ 
project (elevations tor temporary structures and the 
geothermal drilling rig) has been included. Additiohal 
information is also provided regarding the po~ential visual 
impacts and mitigation measures ot the project and an 
artist's rendering is beinq prepared Which will be submitted 
at a later date. 
G) In response to a concern that the proposed brin,:; holdill<;l 
pond will end up looking like thQ geothermal brine ponds 
utilized by th~ HGP-A Project, PGV has revised the GRP to 
!ndlc..:~te. that the ~~v holding pond would be utilized only 
under certain emergency situations (less than one percent of 
the time), rather than the continuous use that the HGP-A 
makes ot its pond; that tne holding pond may receive 
condensate in addition to the geothermal brine; and the 
bl:"ine would be flashed in the rock mnffl P.r pri OT to 
dishcarqe to the pond. 
C0227891.840 
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9) To clarify thea question of how much isopentane may be 
releacod vi~ the emergency vent, the GR~ has been revised tv 
indicate that the maximum credible release of isopentane 
under any emerqency eituation would be less than 2,500 lbs, 
and that emission of this much iso~entane would probably 
only occur in a series of small am1ssions over a short 
period of time through the relief valve, 
10) Finally, in response to a County question regarding 
comparisons with the PGV Project and the HGP-A Project, we 
have included some additional information comparing the two 
projects. 
Cbanges Made in the PrQject Design as a Result of Ongoing Pro1eot 
Design Effort•: 
1) The size ot the air cooler units has been altered to ~ake 
them wider (from 40 feet to 66 teet), which has resulted in 
a substantial decrea~e in ths length of the two batteries ot 
air coolers (from 45~ teet to 281 teet). 
2) As a result of optimization studies, and to increase 
reliability and flexibility in operation and maintenance, 
the power generation equipment has been designed to in~lude 
ten back-pressure steam turbine/OiC moduloc oonnootod to ~ ' 
common 3 MW ienerator, to be laid out in two 5-module banks. 
As a result, the steam turbine building has been removed 
from the plot plan, which results in a smal1er, 
lower-profile building for the control room and work~hope. 
3) As a result of additional investigations regardin~ the 
reliability .:.r tht\1 ll)hlh><;l"" 10ul£ide .,b;ol;.eutent:. equ~pment, the 
absorber has been deleted from the project equipment as 
being an unnecessary back-up to the in-line mixer, 
4) 
5) 
The temporary const~uction yard has been expanded to both 
sides ot the principle access road to provide security 
during construction, and additional information re9arding 
the structures and facilities to occupy this has heen 
provided. 
The rock mufflers (part of the emergency steam release 
system) have been moved outside of the power plant battery 
limit approximately 350 feet south of the southeast corner 
of the power plant site, to ensure that during almost all 
wind conditions the rock mufflers will be downwind of the 
•• 
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6) 
power plnnt. ~it~ and to improve dispersion. ln addition, 
the holdlniJ pond has been relocated from the west side of 
tne power plant site to outs1dQ of the southeast corner of 
the power plant •ite, to be adjacent to the rock mufflers 
and downwind of the power plant. 
ThQ isopentane emer9ency release ventin9 system has been 
revised to vent through ten low-profile, indiVidual stacks, 
one each for each OEC unit, ventin9 above the air coolers 
for better dispersiQn, 
7) Within the battery limits of the power plant site, 
substantial rearrangement of power plant structures and 
facilities have occurred. 
C0227B91.840 
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COUNTY OF 
HAWAII 
PLANNING DEPARTMENT 
2G AUPUNI STJ\EE'T • HILO. KAWAU 96720 
teoe1 go' -sus 
Mr. Maurice A. Richard 
Regional Development Manager 
Puna Geothermal Venture 
101 Aupuni St., Suite 1014B 
Hilo 1 HI 96720., 
Dear Mr. Richard: 
P.02 
BERNArul K. 1\.KANl\ 
)ta.yor 
DUliN;: Kl\NUHA 
Act~ng OirtoCtor 
~liLLIAN L. MOORE 
Acting O,.puty Oi~tor 
ranuary 25, 1989 
' 
Geothermal Resource Permit Application 
Puna Geothermal Venture's 25MW Power Plant 
We have received your letter of December 30, 1988, transmitting 
your "Amendment To The Geothermal Resources Permit Application for 
the Puna Geothermal Venture Project.• My staff is continuing to 
review this submittal and we will respond to you under separate 
cover whether this submital does/does not constitute a properly 
filed application. The format used to present your information is 
particularly cumbersome in its numerous references to the previously 
submitted EIS. Please note that this EIS has not been widely 
circulated and will not be readily available for reference by other 
reviewers. 
Meanwhile please bear with us. We expect to complete our 
detailed comments shortly. 
Sincerely, 
~~ 
Acting Planning Director 
RKN:aeb 
JOHN WAIHEE 
GOVEANOA OF HAWAII 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Mr. Maurice A. Richard 
P. O. BOX fi21 
HONOLULU. HAWAII 96809 
FEB 2 2 1989 
Hawaii Regional Development Manager 
101 Aupuni Street, suite 1014-B 
Hila, Hawaii 96720 
Dear 
WILLIAM W. PATY, CHAIRPERSON 
80AAD DF LAND AND NATUAAL AESOUACES 
DEPUTIES 
LIBERT K. LANDGRAF 
MANABU TAGOMORI 
RUSSELL N. FUKUMOTO 
AQUACULTURE DEVELOPMENT 
PROGRAM 
AQUA TIC RESOURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
The Department of Land and Natural Resources acknowledges 
the acceptance of your Amendment to the Plan of Operations for 
state Geothermal Resource Mining Lease No. R-2. 
The amendment to the previously submitted Plan of 
Operations is under review by our Department and will be 
processed in a timely manner. Notification of the date and time 
at which the matter will be brought before the Board of Land and 
Natural Resources will be forthcoming. 
Should you have any questions, please contact Manabu 
Tagomori at 548-7533. 
w 
JOHN WAIHEE 
GOVERNOR OF HAWAII 
·. ·rr· 
.) ' {_ 
STATE OF HAWAII 
DEPA~:T;..ttE~T OF LAND AND NATURAL RESOURCES 
·I· P. 0. BOX 621 
' 
1 
,:_! ~ j HONOLULU, HAWAII 96809 
January 25, 1989 
MEMORANDUM 
WILLIAM W. PATY, CHAIRPERSON 
BOARD OF V.ND AND NATURAL RESOURCES 
LIBERT K. LANDGRAF 
DEPUTY 
AQUACULTURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
TO: Manabu Tagomori, Deputy Director, Commission on Water 
Resource Management 
FROM: Ralston H. Nagata, State Parks Administrator 
SUBJECT: Puna Geothermal Venture's Amendment to Plan of Operation 
for 25 MW Geothermal Project 
Kapoho, Puna, Hawaii 
TMK: 1-4-1: 1 2 19 
HISTORIC SITES SECTION CONCERNS: 
The documentation indicates the same project area will be used as 
previously planned. our April 28, 1987 conclusion of "no effect" 
to significant historic sites still applies. The cultural 
resources section adequately covers historic preservation concerns 
with physical historic pro erties and it also addresses the recent 
concerns regarding Pele a worshipping rights, which is a concern 
separate from the histori9 p vation laws under our 
jurisdiction (pp. 115-117). 
January 19, 1989 
MEMORANDUM 
TO: 
FROM: 
SUBJECT: 
State Parks, Forestry & Wildlife, Aquatic Resources, 
Aquaculture Development Program, and Office of 
conservation and Environmental Affairs 
Manabu Tagomori, Deputy Director 
Commission on water Resource Management 
Review of Puna Geothermal Venture's (PGV) Amendment 
to Plan of Operation for the 25 MW Geothermal Project 
Puna Geothermal Venture (PGV) has submitted an amendment 
to the previously submitted Plan of Operation (POP) for a 25 MW 
geothermal power plant and associated well field. The attached 
document entitled "Geothermal Resource Permit Application 
Amendment for the Puna Geothermal Venture Project" supercedes 
the earlier POP which was submitted to DLNR and routed to your 
division for review and comment • 
.,_ 
The amendment contains details of PGV's plans for 
incremental wellfield development and construction of a power 
plant facility. The PGV project is proposed for the area 
covered under DLNR Geothermal Resource Mining Lease R-2, located 
within the Kapoho section of the Kilauea Lower East Rift 
Geothermal Resource Subzone. 
we would appreciate your review of Lhis document as it 
pertains to your area of concern and th•· return of the document 
with your comments to our division by Monday, January 30, 1989. 
To facilitate your review of the POP, we would like to invite 
your designated representative to attend a presentation of the 
project by the developer (ORMAT Energy Systems, Inc.) on 
Thursday, January 26, 1989, at 10:00 am in the DOWALD conference 
room. 
Your continued assistance and cooperation is greatly 
appreciated. Should y have any questions, please contact Dan 
Lum at Ext. 7643. 
Attach. 
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101 Aupuni Street Suite 1014-B, Hilo, Hawaii 96720 
Phone: (808) 961-2184 Telefax: (808) 961-3531 
MSG NO. 9021 
Department of L<1nd 
To:Natural Resources 
and 
DATE: January 18, 1989 PAGE /11 of 7 
Fm: r~aurice Fichard 
Attn: William W. Paty CC: N. Tagomori, D. LUl'l I DLNF 
89011/Geotherma1 t·~ining Lease P.-2 - Amendnent to Plan of Oper<1tion 
B9012/Geothermal ~!ining Lease R-1, R-;l., R-4 - Designadon of 
RE: Operator and pesignation of Agent 
Attachments for letter addressed to Vli.lliam H: Paty, reference 
number 89011 sent under separate cover. 
Please provide Mr. Tagomori and ~'r. Lum with copies of these 
letters with the necessary attachments, as necessary. 
Thank you. 
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Reference No. 89012 
Mr. William w. Paty, Chairperson 
Board of Land and Natural Resources 
Kalanimoku Buildi-ng 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
Re; Geothermal Mining Lease R-1, R-2, and R-4 - De 
and Designation of Agent 
Dear Chairman Paty: 
('_ ' 
,, ( -.l 
--'--
---~: 
···-, 
'. 
'dtor 
Puna Geothermal Venture (PGV), as sublessee of Geother,, ~ i Leases 
R-1, R-2, and R-4, and pursuant to Department of Land ·· · .. •t 1r1l 
Resources (DLNR) Administrative Rules, Title 13 1 Chapt S0~t!on 
45(f), hereby designates AMOR VIII Corporation as '-'l 1 • ,, 'ind 
all of the above-named leases. AMOR VIII Corporattn•·. ~f 
the two partners forming PGV, has previously filed, pur· _,,,, ,,,It 
letter of October 24, 1988 to your office, a blanket well indemnity bond 
as required under DLNR administrative rules Section 13-183-68. ( __ 
Pursuant to Section 13-183-64 of the DLNR administrative regulations, PGV 
and AMOR VIII Corporation also hereby designate Mr. Maurice A. Richard as 
their agent upon who may be served all orders, notices, and processes of 
the DLNR at the following address: 
Mr. Maurice A. Richard 
Hawaii Regional Development Manager 
101 Aupuni Street, Suite 1014-B 
Hilo, Hawaii 96720 
Telephone (808) 961-2184 
Facsimile (808) 961-3531 
PUNA GEOTHERMAL VENTURE 
0 101 Aupuni Street Suite 1014-B, Hilo, Hawaii 96720 • 
0 610 East Glendale Ave., Sparks, Nevada 89431-5811 • 
Telephone (808) 961-2184 
Telephone (702) 356-9111 
• 
• 
Facsimile (808) 961-3531 
Facsimile (702) 356-9125 
0-''..J!J.::.td 7 
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Please do not hesitate to contact me if you have questions concerning the 
above information or require any additional information to complete the 
requested actions. 
Sincerely, 
PUNA GEOTH~RMAL VENTURE 
By: AMOrt VII I 
General 
cc: 
M. Tagomori - DLNR 
D, Lum - DLNR 
MAR/ci 
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Reference No. 89011 
THERt·1AL 
Mr. William w. Paty, Chairperson 
Board of Land and Natural Resources 
Kalanimoku Building 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
POI.·.IER P.1214 
ORMAT® 
Re: Geothermal Mining Lease R-2 - Amendment to Plan of Operation for 
the 25 MW Puna Geothermal Venture Project 
Dear Chairman Paty: 
AMOR VIII Corporation (AMOR VIII), as designated operator for Geothermal 
Mining Lease R-2, hereby requests that the Board of Land and Natural 
Resources (BLNR), pursuant to Department of Land and Natural Resources 
(DLNR) Administrative Rules, Title 13, Chapter 183, Sections 55 and 56, 
accept this letter and its attachment as an amendment to the previously 
submitted Plan of Operation (Plan) for the 25 MW Puna Geothermal Venture 
Project (PGV Project) power plant and associated geothermal wellfield. 
The PGV project is proposed for Geothermal Mining Lease R-2, which is 
located in the Kapoho section of the Kilauea Lower East Rift Geothermal 
Resources Subzone in the Puna District of the Island of Hawaii. The 
project will sell the generated electricity to the Hawaii Electric Light 
Company (HELCO) for use on the Island of Hawaii. 
On December 8, 1986, Thermal Power Company (TPC), then the designated 
operator of the puna Geothermal Venture partnership, submitted a Plan of 
Operation to the BLNR for the PGV Project. The BLNR deferred processing 
of the PGV Project Plan while TPC, at TPC's request, proceeded with the 
preparation of an Environmental Impact Statement (EIS) for the PGV 
Project. Subsequent to acceptance of the Final FTS for the PGV Project 
by the Hawaii County Planning Department, no fur:ller processing of the 
submitted Plan has taken place because tne entire interest in the PGV 
partnership was purchased during the first half of 1988 by AMOR VI 
Corporation and AMOR VIII Corporation (AMOR Corporations), two 
wholly-owned subsi~iaries of Ormat Energy Systems, Inc. of Sparks, Nevada 
(please refer to letters dated August 2, 1988, October 6, 1988 and 
October 24, 1988 to your office for additional information regarding Puna 
Geothermal venture), 
Since their p~rchase of all the interests to PGV and the PGV Project, the 
AMOR Corporations have reviewed the TPC design of the PGV Project to 
determine if it remains entirely appropriate. As a result of this design 
review, the AMOR Corporations have decided to alter several aspects o( 
the PGV Project proposed by TPC to optimize projection operations and 
further reduce the potential for environmental impacts. Principal among 
these proposed changes is the use of back-pressure steam turbines, in 
combination with air-cooled binary cycle turbines, in place of the steam 
turbines and cooling towers proposed by TPC. This proposed power plant 
PUNA GEOTHERMAL VENTURE 
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configuration applies a closed cycle for the geothermal fluid, thus 
eliminating the need for cooling water. Besides essentially eliminating 
hydrogen sulfide emissions, most other environmental impacts from this 
project will be the same as those described in the PGV Project Final ers 
because the AMOR corporations' proposed PGV Project will be located on 
the same site as the PGV Project proposed by rPC, and will use the same 
well pad locations and the same geothermal resource. 
This amendment to the PGV Project Plan has been prepared to replace, in 
its entirety, the Plan of Operation for the PGV Project submitted to the 
BLNR in December, 1986. The amended Plan consists of this letter and a 
copy of the Geothermal Resource Permit (GRP) application amendment for 
this revised PGV Project, which was submitted to the Hawaii county 
Planning Department on December 30, 1988, as the GRP application 
amendment contains all the information required in Title 13, Chapter 183, 
"Rules on Leasing and Drilling oE Geothermal Resources,• Section 55, 
"Plan of Operation Requi-ed." :e following concordance compares the 
information requirement of S·· .ion 13-183-55 with the sections of the 
Puna Geothermal ventur•. -;RP .•licat ·" amendment: 
"(1) The proposed location and elevation above sea level of 
derrick, proposed depth, bottom hole location, casing 
program, proposed well completion program and the size 
and shape of drilling site, excavation and grading 
planned, and location of existing and proposed access 
roads;" 
The locations and elevations of the six proposed wellpads on which the 
150-foot derrick will be placed are discussed in Section 3.2.1.1. 
Wellpads and Access Roads. This section also describes the size and 
shape of the drilling sites and the location of the existing and proposed 
access roads, Project elevations are discussed in Section 3.4. 
Elevation of Structures. 
The proposed depth, bottom hole locations, casing program, and the 
proposed well completion program are discussed in section 3.2.1.2. Well 
Drilling. Appendix B contains additional information on the well casing 
and well completion program. Information on injection casing is 
contained in Section 3.2.1.6. Geothermal FlUids Injection System. 
Excavation and grading plans are presented in Section 3.6. Surface 
Disturbance, 
"(2) Existing and planned access, access controls and 
lateral roads;• 
The existing and planned access roads are presented in Section 3.2.1.1. 
Well Pads and Access Roads and Section 3.!0.8.1. Traffic. Access control 
is discussed in Section 3.2.3.6. Fencing and in Section 3.10.6. 
Protection of PUblic Health and Safety. 
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"(3) Location and source of water supply and road building 
material;" 
No water will be needed for power plant cooling. The location and source 
of water supply for service water is discussed in Section 3.3. Plot and 
Site Plans. No significant amount of road building materials will be 
needed for the project, Most access roads will be improved from existing 
agricultural roads, and only Wellpad F will require a new road. 
"(4) Location of camp sites, air-strips, and other 
supporting facilities;" 
The location of the temporary construction yard is shown on Figure 2-1. 
No air strip or other supporting facilities are proposed for the project. 
"(5) Other areas of potential surface disturbance;" 
Surface disturbance is discussed in section 3.6. surface Disturbance. 
"(6) The topographical features of the land and the 
drainage patterns;• 
Figure 3-2 is a topographical map of the project area. Drainage is 
described in Section 3.2.3.4. Site Drainage Facilities and Section 3.8. 
Geologic Report. 
"(7) Methods of disposing of well effluent and other waste;• 
Section 3.7, Disposal of Well Effluent and Other Waste discusses disposal 
of geothermal brines, condensate and noncondensable gases as well as 
other wastes. Further detail is provided in Section 3.2.1.6. Geothermal 
Fluids Injection System. Well testing effluents are discussed in Section 
3.2.1.3. Well Testing. 
"(8) A narrative statement describing the proposed measures to 
be taken for protection of the environment, including, but 
not limited to the prevention or control of: 
(A) Fires, 
(B) Soil erosion, 
(C) Pollution of the surface and ground water, 
(D) Damage to fish and wildlife or other natural 
resources, 
(E) Air and noise pollution, and 
(F) Hazards to public health and safety during lease 
activities. 
Section 3.10. Environmental Protection is a written description of the 
measures to be taken to protect the environment. It includes the 
following subsections: 3.10.1. Fire Protection: 3.10.2. Erosion Control; 
3.10.3. Protection of sruface Waters and Groundwater: 3.10.4. Protection 
of Fish and Wildlife and other Natural Resources; 3.10.5. Control of Air 
and Noise Emissions; and 3.10.6. Protection of Public Health and Safety. 
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"(9) A geologist's preliminiary survey report on the surface 
and sub-surface geology, nature and occurrence of the 
known or potential geothermal resources, surface water 
resources, and ground water resources;" 
Section 3.8. Geologic Report describes the surface and subsurface 
geology, the nature and occurrence of the known or potential geothermal 
resources, surface water resources and groundwater resources, 
"(10) All pertinent information or data which the 
chairperson may require to support the plan of 
operations for the utilization of geothermal resources 
and th~ protection of the environment;" 
The PGV project GRP contains additional details on the project, 
particularly in Section 3.2. Project Scope and Description. If the 
chairperson requires further information, it will be provided upon 
request . 
• ( 11) Provision for monitoring deemed necessary by the 
chairperson to insure compliance with these rules for 
the operations under the plan.• 
Section 3.12. Monitoring Plans lists the monitoring activities proposed 
by PGV to show compliance with regulations. This discussion includes the 
following subsections: 3.12.1. Meteorological and Air Quality 
Monitoring; 3.12.2 Noise Monitoring: 3.12.3. Biological Monitoring; and 
3.12.4. Compliance with Regulations, including the DLNR regulations in 
Chapter 183. 
The plot plan and other drawings have been reduced for ease of copying. 
Larger si~e drawings are available if the DLNR staff requires them for 
their review. In addition, fourteen additional copies of the attachment 
to this letter, the PGV Geothermal Resource Permit application amendment, 
have been delivered under separate cover to the staff of the DLNR to 
facilitate the BLNR's review of the Plan, 
Please do not hesitate to contact me if you have questions concerning the 
PGV Project or if we can be of any assistance in your timely review and 
approval of the Plan of Operation. 
Sincerely yours, 
I 
" A. Richard 
ated Agent 
cc: 
M, Tagomori - DLNR 
D. LUm - nT.NR 
ORMAT® 
' -·-
-') . 
'·-\, 0.. 
• ·, ·\ 1 :_I June 30, 1989 
Reference No. 89241 
-.J• t' • .· • ' ~\\1 
.... ;~. ..,r-~'' 
' . . ' - . - ,{ l 1.-
_ ... 
. ' 
'• .. 
Mr. William W. Paty, Jr. 
Chairperson 
Board of Land and Natural Resources 
State of Hawaii 
Department of Land and Natural Resources 
Kaianimoku Building 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
' -
Re: Application for Permit to Drill Geothermal Well Kapoho 
State 3 - State Geothermal Mining Lease R-2 
Dear Hr. Paty: 
( . 
'" 
In accordance with the Department of Land and Natural Resources 
Administrative Rules, Title 13, Chapter 183-65, Puna Geothermal 
Venture hereby submits the enclosed application for a permit to 
drill geothermal well Kapoho State 3, to be drilled from proposed 
wellpad E of the Puna Geothermal Venture Project, as approved 
in the Plan of Operation on March 10, 1989 by the Eoard of Land 
and Natural Resources. 
Your timely consideration and approval of this application 
would be appreciated. Please do not hesitate to contact this 
office if you have any questions, or desire any additional 
information, regard" g this request. 
Enclosure 
c<;: 
D. Carey, EMA w/enclosure 
PUNA GEOTHERMAL VENTURE 
'I 
~ 
··' 
0 101 Aupuni Street Suite 1014-B, Hilo, Hawaii 96720 • 
0 610 East Glendale Ave., Sparks, Nevada 89431-5811 • 
Telephone (808)961-2184 
Telephone (702)356-9111 
• 
• 
Facsimile (808)961-3531 
Facsimile (702) 356-9125 
APPUCATION FOR PERMIT TO DRILL PROPOSED GEOTHERMAL WELL 
KAPOHO STATE 3 ON RESERVED LANDS, KAPOHO, PUNA, HAWAII 
Complying with Department of Land and Natural Resources (DLNR) Administrative Rule, 
Title 13, Chapter 183, Subchapter 65, Puna Geothermal Venture (PGV) herewith makes 
application for Permit to Drill for approval by the Hawaii Board of Land and Natural 
Resources. 
1. Applicant: 
Puna Geothermal Venture 
1 01 Aupuni Street 
Suite 1 014-8 
Hilo, Hawaii 96720 
(808) 961-2184 
Owner of Mining Rights: 
Kapoho Land Partnership 
Land Owner: 
i:A GEOTHERMAL" 
. a - ....- --·----- --
~ awaii Regional Development Manager 
Puna Geothermal Venture 
Kapoho Land and Development Company, Limited 
2. Proposed well designation: Kapoho State 3 (KS-3) off Wellpad E. 
3. The enclosed tax key map, Attachment I, designates the approximate location of the 
drillsite for KS-3 off Wellpad E located on State Geothermal Mining Lease R-2. The 
elevation at Wellpad E is approximately 620 feet above mean sea level. A survey of 
the wellpads for the PGV Project is being prepared at this time. The survey data will 
be submitted when it becomes available. 
4.. The proposed PGV Project geothermal well KS-3 has been designed to maximize the 
possibility of intersecting, below approximately 4,000 feet, near-vertical fractures 
which are generally aligned along the axis of the Lower East Rift Zone (LERZ) and 
K906291 A.840 1 
Application for Permit to Drill 
Kapoho State 3 Well 
June 29, 1989 
which carry geothermal fluids for the purpose of providing geothermal resources to 
power the PGV Project power plant, previously approved in the Plan of Operation 
approved March 10, 1988, by the Board of Lands and Natural .Resources. 
5. A detailed Well Drilling and Completion Program, a Drillsite Plan, and a Vertical 
Section of the Well for the KS-3 well are contained in Attachments II, Ill, and IV, 
respectively. 
6. A multi-well drilling bond ($250,000) has previously been filed with the State of 
Hawaii. 
7. Puna Geothermal Venture agrees to perform such drilling as outlined in this 
application and agrees to maintain the well in accordance with Title 13, Chapter 183, 
State of Hawaii, and all Federal and County geothermal regulations . 
• 
K906291 A.840 2 
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Attachment II - Well Drilling and Completion Program 
1. Well Design 
The planned production well design is shown in Attachment IV. 
2. Drilling Program 
2.1 Prepare 1 0 ft. x 10 ft. x 8 ft. deep cement-rebar wellhead cellar on existing 
location. Set 30-inch conductor pipe through cellar floor. 
2.2 Move in Drilling Contractor's rig; drill and set rathole. 
(a) Notify Hawaii Board of Land and Natural Resources (BLNR) 24 hours 
prior to commencement of drilling. 
(b) Confirm compliance with all permit requirements. 
2.3 Spud hole with 17'12 inch bit and mud drilling fluid; drill into top 20 feet of 
ground water zone. Stop and sample ground water. 
2.4 Drill ahead to 800 foot depth. Open hole to 26 inch. Control loss of 
circulation (LOC) with loss circulation material (LCM); cement severe lost 
circulation zones if required. 
2.5 Run 20 inch, 94 pound K-55 Buttress coupled casing to 1000 feet. Single 
stage cement with 40 percent silica flour; use appropriate excess slurry. Be 
prepared to cement the 20-30 inch annulus with from the surface. Hold 
casing in tension during annular cement job. Wait on cement (WOC) 
8 hours. 
K906291 A.840 4 
ATTACHMENT II 
Kapoho State 3 
June 29, 1989 
2.6 Install 20 inch blow-out prevention equipment (BOPE) consisting of 20" casing 
head flange with 2 each 3" outlets for kill line and blow down line, 20" 
annular preventer and top mating flange and pitcher nipple assembly. 
Notify the Chairman of the BLNR in advance of the BOP test so that a 
designated representative can witness the test. 
Test BOP assembly to 500 psig. Enter test results on contractor and 
operator daily reports. 
2. 7 Install-mud logging service before drilling out 20" casing. Record: 
continuous mud in and out temperatures, H,S, CH., CO,, lithology, and 
drilling rate. Have pit level indicator and intercom to driller stations. Catch 
four sets of 50 gram dry sample every 20 feet. Make daily copies of the mud 
log, keeping one copy up to date and available on site. 
2.8 Drill 17% inch hole to 2200 foot depth with mud drilling fluid. Survey 
wellbore every 200 feet, or on bit change. Use LCM or cement to control 
LOC as necessary. 
2.9 Run 13 3/8 inch, 61 pound K-55 NEW VAM casing to 2200 feet. Cement with 
2200 cubic feet cement mixed 1:1 perlite, 40% silica flour, followed by 
320 cubic feet cement mixed with 40% silica flour (note; provides for 100% 
excess). WOC 12 hours. If annular cement placement (top job) is needed 
hold casing in tension until final woe is finished (i.e. do not release casing 
until cement is set at surface). 
2.10 Install 13 5/8 inch BOPE consisting of the following items: 13 3/8" 900# 
casing head flange, 13 5/8" 3000 psi double gate BOP, 3000 psi double gate 
BOP, 3000 psi annular preventer, mating flange and riser with pitcher nipple. 
K906291 A.840 5 
ATIACHMENT II 
Kapoho State 3 
June 29, 1989 
Hook up kill lines and blow down lines. Casing head welding to be 
performed with pre- and post-flange heating by a certified welder. 
Notify the Chairman of the BLNR in advance of BOP test so that a 
designated representative can witness the test. 
Pressure test BOP assembly to 1000 psig. Record results on contractor and 
operator's daily reports. 
Confirm drill site location and operation of all H2S safety equipment. Put all 
drill site personnel through H2S safety review including equipment downing by 
each person. 
2.11 Drill out cement with 12'!. inch mill tooth bit. Pull out of hole, pick up button 
bit and drill 12'1. inch hole to 2500 feet with mud. Run deviation survey every 
200 feet. 
2.12 Pull out of hole and pick up 12'!. inch directional type button bit, mud motor, 
4° bent sub, monel drill collar and additional collars and drill pipe as needed. 
Build angle at 2-3° per 100 feet in desired direction for approximately 1 00 -
200 feet with mud motor. Pull out of hole and pick up bottom hole assembly 
with 12'!. inch button bit, near bit reamer, 2 each 9" drill collars, string 
stabilizer, shock sub, additional 9" and 8" drill collars, heavy weight drill pipe 
as needed. Build hole angle to 16" and hold to 4000 feet TVD. Run 
deviation and direction surveys as necessary (every 20 to 100 feet). Keep 
mud motor on location and use as necessary to maintain angle and hole 
direction. Maximum dog leg to be ~/1 00 feet. Use soft banded drill pipe for 
drill pipe that is located inside the 13 3/8 inch casing. Ream hole as 
necessary as judged by several short trips and deviation data. Use LCM or 
cement to control LOC as necessary. 
K906291 A.840 6 
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' 
2.13 Run 9 5/8 inch, 47 pound, C-90, VAM-AF (or equivalent) casing to bottom of 
12'1. inch hole (±400ott). Use centralizers every 120 feet through deviated 
portion of hole. Cement with 1850 cubic feet cement mixed with 1 :1 perlite, 
40% silica flour followed by 1 00 cubic feet cement mixed with 40% silica flour 
(provides for 100% excess). Wait on cement 12 hours. If annular (top) job is 
needed, hold casing tension until cement is set to surface. 
2.14 Install wellhead assembly and BOPE. 
If aerated mud or aerated water drilling is planned, wellhead and BOP will 
consist of 13 3/8" x 9 5/8", 900# WKM type S expansion spool (or 
equivalent), 1 0" 900# gate valve, 1 0" 3000 psi single gate BOP with steel pipe 
ram, 1 0" 3000 psi banjo box with 1 0" 3000 psi hydraulically actuated throttle 
valve on banjo box side outlet, 1 0" 3000 psi x 13 3/8" 3000 psi spool, 13 3/8" 
3000 psi double gate BOP with steel pipe ram and blind ram, 13 3/8" 
3000 psi annular preventer, and rotating head on top. 
If mud or water drilling is planned, assembly will consist of 13 5/8" x 9 5/8" 
expansion spool, 1 0" valve as above, 1 0" x 13 3/8" spool and 13 3/8" double 
gate BOP and 13 3/8" annular preventer, mating flange and riser with pitcher 
nipple. 
Notify the BLNR and test BOP. 
2.15 Pick up 8%" mill tooth bit and drill out cement from casing. Pull out of hole, 
pick up bottom hole drilling assembly. Drill 8'12' hole with aerated mud or 
aerated water (or mud/water) to ± 7000 feet. Take directional surveys 
K906291 A.840 7 
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• 
approximately every 1 00-1 50 feet. Condition hole and make several short 
trips to insure no fill on bottom of hole. 
2.16 Pull out of hole and pick up ±3070 feet of 7" 29#/ft-L60 BT&C slotted casing 
with double slip liner hanger and 7'' tieback set on top, and 7" guide shoe on 
bottom. Casing to be slotted from 4000'- 6950'. Set liner hanger at 
±3660 feet (120' above bottom of 9 5/6" casing). Leave approximately 50' of 
open hole below bottom of casing for thermal expansion and debris. 
2.17 Run in hole with 3 1 /2" drill-pipe and circulate out mud with water. 
2.16 Rig down BOP and nipple up wellhead consisting of (expansion spool and 
one 900# 1 O" gate valve were attached in (2.14) above] 1 additional 900# 
1 0" gate valve, 1 O" 900# flow tee with 900# 1 0" gate valve on side outlet and 
3" 900# swab valve on top of tee . 
K906291 A.640 6 
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ENVIR'""'JMENTAL MANAGEMENT ASSOCIATF~ 
TITLE: vertical Section of the Well 
DATE: 06-28-89 ATTACHMENT IV 
GOOUND SURFACE 
1-- 10' t 
8' 
CEllAR. 1 
I ... I~ r--~ 30" ConduCtor cemented in 1 L~ r~ I,: 36" hole 0 - 70' <Ament 1 .... 20" 941 K-55 BT&C '~ ~ .'! cemented 0 - 1 000' it" i. ~~~·~ 26"Hole 
'!;': ~: I" 1000 feet 
, 17112" Hole 
13318" 611 K-55 NeNVAM 
1:~ cemented 0 - 2200' 
-
_ 2200feet 
2500 feet kick-off point -1 ;~ 
lor dlredional wells ~ 
l~ 95t11" 471 C-90 NCNVAM cemented 0 • 4000' 
(.~ ~ 12 114" Hole i~ ~~ 
:!:.. 3880feet 
;; 
~ 9 518" 471 X 7" 291 L-80 casing hanger 
~ 4000feet ..;. 
7" 291 L-80 BT&C slotted finer 
hung uncemanted 3880-7000' 
a 112" Hole 
:!:.. 6950feet 
7000feet 
JOHN WAIHEE WILLIAM W. P_..,TY, CHAIRPERSON 
G0VEI1N011 OF HAWAII 
:--=....... • . .....; .. 
I 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
P 0. BOX 621 
HONOLULU. HAWAII 96809 
GEOTHERMAL WELL MODIFICATION PERMIT 
Kapoho State 1-A 
Puna, Hawaii 
LIBERT K. LANDGRAF 
DE,UTY 
AQUACUllUI'lE DEVElOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVAfiON AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVE'r"ANCES 
FOAESTA'r" AND WILDLIFE 
LAND MANAGEMENT 
STATE PAAI<S 
WATER AND LAND DEVELOPMENT 
TO: Puna Geothermal Venture 
101 Aupuni Street, Suite 1014-B 
Hilo, Hawaii 96720 
Your application dated May 22, 1989, for a permit to modify 
Geothermal Well Kapoho State 1-A, is approved: 
Well Designation: Kapoho State 1-A 
Location: TMK 1-4-01:02, Kapoho, Puna, Hawaii 
Mining Rights: Kapoho Land Partnership, under State Geothermal 
Resource Mining Lease R-2 
Subleased to: Puna Geothermal Venture 
Operator: ORMAT I Al\10R VIII Corporation 
Ground Elevation: 619 ft. 
Total Depth: 6, 505 feet 
You are hereby granted permission to modify Geothermal Well 
Kapoho State 1-A by installing a temporary cement plug in the wellbore 
casing. Modification of the well shall be completed in accordance with 
the following conditions: 
(1) 
(2) 
(3) 
' 
The 150-foot cement plug shall be set in the 9-5/8" casing from a 
depth of 3, 800 feet to 3, 650 feet. A sinker bar shall be run into 
the casing to the top of the cement plug to verify the depth of the 
cement. 
Class "G" cement shall be used in the plugging operations and shall 
contain a high temperature resistant admix. 
After it has been verified that the cement plug has been set to the 
approved depth and thickness, the operator shall conduct a casing 
pressure test to evaluate the integrity of the casing string. 
Minimum casing test pressure shall be approximately one-third of 
the manufacturer's rated internal yield pressure and shall be 
applied for a period of thirty minutes. 
Puna Geothermal Venture Page 2 
( 4) If a drop of more than ten percent of the casing test pressure is 
recorded, the operator shall then run a caliper log and/or other 
appropriate well test to evaluate if the casing is defective and if 
corrective measures will be required before commencing any further 
operations. 
(5) A well completion report and an as-built drawing of the well 
modification shall be filed with the Department within six months 
after completion of the well modification. 
(6) A. well test report showing the results of the prescribed casing 
tests conducted, shall be submitted to the Department for review 
within sixty days after completion. 
(7) The applicant shall obtain the Chairperson's approval prior to the 
execution of any contemplated changes in the modification program. 
(8) All work shall be performed in compliance with the Department's 
Administrative Rules (Chapter 13-183), and all other applicable 
Federal, State, and County laws, ordinances, rules and regulations. 
(9) The applicant, its successors and assigns, shall indemnify and 
hold the State of Hawaii harmless from and against any loss, 
liability, claim or demand for property damage, personal injury and 
death arising out of any act or omission of the applicant, assigns, 
officers, employees, contractors and agents under this permit or 
relating to or connected with the granting of this permit. 
(10) The applicant shall notify the Division of Water and Land 
Development, in writing, of the date of the start of work. 
(11) The bond covering the well shall remain in full force and effect 
until the well is properly abandoned and the surface properly 
restored. 
(12) This permit shall expire 365 the date of issuance. 
a{ ~---------
WlL IAM W. PATY, ha1rperson 
Boa d of Land and I atural Resources 
JOHN WAtHEE 
GOVERNOR OF HAWAII 
( 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Mr. Duane Kanuha 
Director 
Planning Department 
County of Hawaii 
25 Aupuni Street 
Hilo, Hawaii 96720 
Dear Mr. Kanuha: 
P. 0. BOX 6Z1 
HONOLULU. HAWAII 96809 
JUN 5 1989 
WILLIAM W. PATY, CHAIRPERSON 
BOARD 0~ lAND AND NATUfV.l RESOURCES 
LIBERT K. LANDGRAF 
DEPUTY 
AQUACULTURE DEVELOPMENT 
PROGRAM 
AQUATIC RESOURCES 
CONSERVATION AND 
ENVIRONMENTAL AFFAIRS 
CONSERVATION AND 
RESOURCES ENFORCEMENT 
CONVEYANCES 
FORESTRY AND WILDLIFE 
LAND MANAGEMENT 
STATE PARKS 
WATER AND LAND DEVELOPMENT 
Thank you for the opportunity to review and comment on the application for a 
Geothermal Resource Permit submitted by Puna Geothermal Venture (PGV). 
We have no major objections regarding the 25 MW geothermal project 
proposed for the island of Hawaii, but would like to offer the following comments: 
1) The PGV application states that up to a maximum of 500 gallons per minute 
(720,000 gal/day) of water may be required for re-injection operations to 
maintain injection flow and to provide a sufficient quantity of fluid to absorb 
the noncondensable gases. It is indicated that this supplemental water may be 
supplied by one or two wells developed near the plant site. 
The applicant (PGV) should be advised that pursuant to .the Department 
of Land and Natural Resources' Administrative Rules, Chapter 13-168, a well 
construction and pump installation permit, in addition to a well completion 
report will be required for the construction of any proposed water well. 
Futhermore, the applicant shall be required to comply with all other applicable 
regulations identified within that chapter. 
2) Pursuant to PGV's proposal to re-inject geothermal fluids and noncondensable 
gases back into the geothermal reservoir, and in response to community 
concerns regarding potential impacts to the ground water aquifer down gradient 
from the site, it is recommended that if water wells are to be developed, that 
they be strategically sited within the project area so that they may serve as 
monitor wells as well as sources of supplemental water. 
Placement of these supply wells down gradient from the injection well 
sites will allow for periodic sampling of the existing ground water aquifer and 
the monitoring of the proposed injection operations. 
Mr. Duane Kanuha -2-
JJI 5 1989 
3) It is futher recommended that the applicant file monthly reports of re-injection 
data, including but not limited to, quantity of fluids injected, chemical 
composition, and any changes in injection pressures which may indicate that the 
injected fluid is no longer confined to the intended zone of injection. 
4) All work shall be performed in accordance with the Department of Land and 
Natural Resources' Administrative Rules (Chapters 13-183 and 13-184), and all 
other applicable Federal, State, and County laws, ordinances, rules and 
regulations pertaining to the lands and permittee's operations including, but not 
limited to, all water and air pollution control laws, and those relating to the 
environment. 
5) If any unanticipated sites or remains of historic or prehistoric interest (such as 
shell, bone, or charcoal deposits, human burials, rock or coral alignments, 
paving, or walls) are encountered during the applicants operation, the applicant 
shall stop work and contact the State Historic Preservation Office at 548-7460 
or 548-6408 immediately. 
Thank you again for the opportunity to comment on the subject application and 
should you have any questions, please contact Dan Lum at 548-7643. 
I 
· -,: t I 
·- .. ORMAT® 
May 22, 1989 
Reference No. 891AiS 
. r· -- , ! . ·. · I · \: i 
' : •• ,; 1 : ... ' " 
Mr. William Paty 
Chairman 
.. '' 
Board of Land and Natural 
Kalanimoku Building, #130 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
Resources 
Subject: Well Modification Permit Request 
Reference: Geothermal Well: Kapoho State #1-A 
Geothermal Resources Mining Lease R-2 
Location TMK 1-4-01:02 Kapoho, Puna District, 
Hawaii County Leased to Kapoho Land Partnership 
Dear Mr. Chairman: 
A Department of Land and Natural Resources (DLNR) permit exists 
for the drilling and completion of the reference well. Since 
the conclusion of drilling and flow testing in 1985, Kapoho 
State #1-A has been maintained in a shut-in status with 
periodical gas cap ventings and incineration or burning of the 
exhausted gases. Puna Geothermal Venture (PGV) has closely 
monitored this well and complied with DLNR reporting 
requirements. 
Puna Geothermal Venture herewith submits a Well Modification 
Permit request consistent with Chapter 183 of Title 13, 
Subchapter 183-65-4. 
The attached work description and well casing configuration 
drawing including the approximate location of the proposed 
cement plug is attached for reference. 
In brief, the PGV request is based on a technical need to 
periodically service the wellhead assembly to maintain a high 
standard of reliability and integrity. This routine servicing 
process is also timed to fit within the overall 30 MW 
development schedule and expected County permitting approvals 
and related requirements now in progress. 
PUNA GEOTHERMAL VENTURE 
VOl 
0 101 Aupuni Street Suite 1014-B, Hilo, Hawaii 96720 
0 610 East Glendale Ave., Sparks, Nevada 89431-5811 
• 
• 
Telephone (808) 961-2184 
Telephone (702) 356-9111 
• 
• 
Facsimile (808) 961-3531 
Facsimile (702) 356-9125 
May 22, 1989 
Reference No. 89141 
Page 2 
Your early consideration and approval will be appreciated. 
Please contact the Hilo office of Puna Geothermal Venture if 
you or your staff have any questions about the above request. 
Sincerely, 
ce A. Rich rd 
Ha aii Region 
Development Manager 
Attachment 
MAR/ci 
..:=, ~ ._,. ........ ' •• - -·. 
11 May !939 
Program to Temoorarily Sus12end KS-lA with Cement Plug 
1) Puroose of Work 
It will be at least a minimum of a year before KS-1A is needed for production service. 
Therefore PGV has decided to temporarily suspend the well by setting a 1.50 foot 
cement plug in the casing at 3000 feet. This will eliminate the need for further gas 
burns and will permit the wellhead to be serviced and the condition of the production 
casing to be checked in preparation for putting the well in service. 
2) Plan of Work 
The design of KS-1A showing the planned cement plug is shown in the attached 
figure. The setting depth of 3000 feet was chosen in order that the reservoir pressure 
beneath the plug will be balanced by the pressure exerted by the column of water in 
the wellbore above the plug. A rig will not be needed to carry out the work. 
The operation is planned as follows : 
1. Run sinker bar to 4500 feet. 
2. Run a Static pressure and temperature survey to 4500 feet. 
3. Nipple-up pump to 3" side valve and kill well by slowly pumping cold 
water. 
4. With the well killed run an 8" gauge ring to 3500 feet Continue to pump 
water to maintain kill. 
5. Run temperature survey to 4000 feet while maintaining kill to assess 
well bore temperatures for cement slurry design. 
6. Insen 9 5/8" bottom wiper plug through wellhead. 
7. Pump 75 gallons (25liner feet) water on top of plug. 
8. Mix 60 cu ft (150 liner feet) geothermal cement and drop on top of water. 
9. Insert top wiper plug and displace cement plug to 3000 feet with water 
(220 barrels). 
10. Wait on cement 24 hours. 
11. Run sinker bar to top of cement to check depth. 
12. Shut-in wellhead and secure. 
The operation is anticipated to take a total of 5 to 7 days. 
KAPOHO STATE #1A WELL 
26' HOLE J.-4-~~---20' SURFACE CASING (CEMENTED) 
.• · 941 H40 6T+C (0 ·13n, 
j..oR~----13 :ya'INTERMEDIATE CASING (CEMENTE 
61# COO VAM (0 • 2701') 
Planned Cement Plug in KS-lA 
State of Hawaii 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
Division of Water and Land Development 
Honolulu, Hawaii 
March 10, 1989 
Chairperson and Members 
Board of Land and Natural Resources 
State of Hawaii 
Honolulu, Hawaii 
Gentlemen: 
Approval of Amendment to 
Plan of Operations for 25 MW Geothermal Project, 
State Mining Lease No. R-2. Kapoho. Puna. Hawaii 
As required by State Mining Lease No. R-2 and Administrative Rules 13-183, 
Puna Geothermal Venture, sublessee, has submitted for Board approval an amendment 
to Plan of Operations for a geothermal project involving a 25 Megawatt power plant 
and associated well field. 
The amended 25 MW project will be located in the Kapoho section of the 
Kilauea Lower East Rift Geothermal Resource Subzone in Puna, Hawaii, and will sell 
geothermal produced electricity to Hawaii Electric Light Co. for use on the Island of 
Hawaii. The amendments to the original Plan of Operations (December 1986) will 
reduce potential environmental impacts through the use of back-pressure steam 
turbines, air-cooled binary cycle steam turbines, and the injection of spent geothermal 
fluids and gases back into the geothermal reservoir at depth. 
The completion date of the first phase which will produce 12.5 MW of 
electricity is expected to be late 1989. The second phase which will produce an 
additional 12.5 MW is expected to be completed by mid 1990. 
RECOMMENDATION: 
That the Board approve the amendment to Plan of Operations submitted by 
Puna Geothermal Venture for a 25 MW geothermal project on State Mining Lease No. 
R-2, subject to the following conditions: 
(I) That Puna Geothermal Venture comply with all applicable statutes, ordinances, 
rules and regulations of the Federal, State, and County governments. 
(2) Other terms and conditions as ay be prescribed by the Chairperson. 
APPROVED FOR SUBMITTAL 
I. ~ 
; j/()cl·-\ 
J(. WILLIAM W. PATY, Chairperson 
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l.INTRODUCTION 
The Puna Geothermal Venture (PGV) Project is a 25 MW (net) power 
plant and associated geothermal wellfield proposed for the Puna 
District of the Island of Hawaii. The project, located in the 
Kapoho section of the Kilauea Lower East Rift Geothermal 
Resources Subzone, will sell the generated electricity to the 
Hawaii Electric Light Company (HELCO) for use on the Island of 
Hawaii. Since the proposed project is located within an area 
where the designated Geothermal Resources Subzone underlies an 
agricultural state land use district, the project requires a 
Geothermal Resource Permit from the County of Hawaii. 
The PGV Project is consistent with the stated objectives of 
providing energy self-sufficiency and diversifying Hawaii's 
economic base. The project will develop a new alternate energy 
source as well as provide additional information about the nature 
of the geothermal resource. These objectives are included in 
Hawaii's State Plan, the State Energy Functional Plan, and the 
County of Hawaii General Plan. 
on December 10, 1986, Thermal Power Company (TPC), as then 
operator of the Puna Geothermal Venture partnership, submitted an 
application to the Hawaii County Planning Department (HCPD) for a 
Geothermal Resource Permit (GRP) for the PGV Project. TPC also 
requested that the HCPD be the accepting agency for an 
Environmental Impact Statement (EIS) that TPC would voluntarily 
prepare and submit for the PGV Project. Although the HCPD 
determined that there were no clear requirements for preparation 
of an EIS, the HCPD agreed to act as accepting agency for the EIS 
and deferred acceptance of the PGV Project GRP application until 
1-1 
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after acceptance of the EIS. The Final EIS for the PGV Project 
was accepted on December 28, 1987, although the Hawaii County 
Planning Director again noted that the PGV Project did not 
require the filing of an EIS. However, further processing of the 
GRP application has not occurred because the entire interest in 
the PGV partnership was purchased during the first half of 1988 
by AMOR VI Corporation and AMOR VIII Corporation (AMOR 
Corporations), two wholly-owned subsidiaries of ormat Energy 
Systems, Inc. of Sparks, Nevada. 
Since the purchase, PGV has reviewed the previous design of the 
PGV Project to determine if it remains entirely appropriate. As 
a result of this design review, PGV has decided to alter several 
aspects of the previously proposed PGV Project design to optimize 
production operations and further reduce the potential for 
environmental impacts. Principal among these proposed changes is 
the use in the power plant of back-pressure steam turbines, in 
combination with air-cooled binary cycle turbines, in place of 
the steam turbines and cooling towers proposed by TPC. This 
currently proposed power plant configuration applies a closed 
cycle for the geothermal fluid, thus essentially eliminating 
hydrogen sulfide emissions during normal operations and 
eliminating the need for cooling towers. Most other 
environmental impacts from this revised PGV Project will be very 
similar to those of the previously proposed PGV Project because 
the revised PGV Project will use the same geothermal resource, 
the same geothermal wellpads, and the same power plant location 
as the previously proposed PGV Project. 
This amendment to the GRP application has been prepared to 
replace, in its entirety, the GRP application submitted to the 
1-2 
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Hawaii County Planning Department in December, 1986. For clarity 
sake, Chapter 2 of this application is a summary description of 
the revised PGV Project, drawing comparisons with the previously 
proposed PGV Project, as appropriate. A more detailed 
description of the revised PGV Project follows in Chapter 3, 
organized to follow the requirements of Rule 12, Geothermal 
Resource Permits, of the County of Hawaii Planning Commission 
Rules of Practice and Procedure. As required by Rule 12, 
Chapter 3 of this amended application also summarizes the PGV 
Project potential environmental impacts and mitigation measures. 
See Appendix A·for a list of abbreviations used in this GRP 
Application. 
1-3 
D902201D.840 
r--· 
'--· 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
2. PROJECT SUMMARY 
The proposed PGV Project is located approximately 21 miles 
southeast of the city of Hilo in the Puna District of the Island 
of Hawaii (see Figure 2-1). The project will occupy about 
25 acres of surface area within a dedicated 500-acre project area 
in the Kapoho section of the Kilauea Lower East Rift Geothermal 
Resource Subzone. The Kilauea Lower East Rift subzone was 
established in 1984 (Act 151) under Chapter 205, Hawaii Revised 
Statutes, which mandates the designation of geothermal resource 
subzones for geothermal exploration and development. 
The proposed PGV Project is designed to generate 25 MW (net) of 
electrical energy from geothermal fluids produced from the Puna 
geothermal field. The project, which is planned for an operating 
life of 35 years, will consist of: 
- ten (10) integrated back-pressure steam turbine and 
air-cooled binary cycle turbine power generating modules; 
- up to 30 geothermal wells drilled from six (6) wellpads; 
- brine and steam pipelines; 
- pollution control equipment; 
- a brine surge tank and holding pond; 
- a switchyard; 
- an office, warehouse, workshop, and control buildings; 
2-1 
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NORTH KONA 
SOUTH KONA 
KAU 
PUNA DISTRICT 
SCALE 
0 5 10 15 20 Mi 
ISLAND OF HAWAII 
SOURCE: State of Hawaii, Department of Planning and Economic Development, 
STATISTICAL BOUNDARIES A-15. 1980:14 
Figure 2-1. Location of the PUna District 
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- access roads; and 
auxiliary facilities such as air compressors, fire 
protection equipment, etc. 
Figure 2-2 shows the locations of the major project facilities. 
The project will deliver 25 MW (net) to the switchyard, where the 
power will be purchased by HELCO to provide electricity to the 
Island of Hawaii. 
The geothermal resources in the Puna geothermal area, located at 
depths generally greater than 4,000 feet, beneath impermeable 
caprock, are in excess of 600"F. The geothermal fluids produced 
from the Puna geothermal field are expected to contain a mixture 
of approximately 80 percent steam and 20 percent liquid at a 
pressure of about 200 psig and a temperature of about 390"F. 
2.1.Welltield Facilities 
The proposed PGV Project will use the same geothermal wellpads 
and wellfield as the previously proposed PGV Project, as shown in 
Figure 2-2. Initially, the project is anticipated to require 
eight (8) production wells and two (2) injection wells, although 
the number of initial production wells may range from seven (7) 
to nine (9) and a third injection well may be necessary. 
Allowing for up to two (2) unusable wells (dry holes), nine (9) 
to fourteen (14) wells will need to be drilled for initial 
full-capacity operation. All wells will be drilled form up to 
six (6) wellpads. Additional makeup wells will need to be 
drilled over the 35-year economic life of the PGV Project, 
although all wells will be drilled from one of the six wellpads, 
and no more than a maximum of five (5) wells per wellpad will be 
2-3 
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drilled, for a maximum total of not more than 30 wells. Both 
production and injection wells will be drilled and cased down 
into the geothermal reservoir. 
Each production well is expected to produce between 55,000 to 
90,000 pounds per hour (lb/hr) of usable steam at a pressure of 
approximately 200 pounds per square inch gauge (psig) and a 
temperature of 387'F at the wellhead, as well as 14,000 to 
22,000 lbjhr of geothermal brine and approximately 50 to 
120 lbjhr hydrogen sulfide (H,S). 
Most drilling will be performed using drilling muds which produce 
negligible H,S and particulate emissions, While drilling in the 
production zone, aerated water or aerated mud, may be used as 
the circulating medium. Occasional inadvertent releases of steam 
during drilling with aerated water or aerated mud will be limited 
to five (5) to ten (10) minutes, which will produce emissions of 
7.0 lb H,S or less during any one event. A cyclone separator 
will control particulate emissions during these steam releases. 
Best Available Control Technology (BACT) will be applied during 
well testing. After venting to cleanout the well bore, each well 
will be connected to a separator which will partition the steam 
and gases from the brine. The steamline will be equipped with 
chemical abatement equipment to abate H,S emissions by 
95 percent. The steam will then be released through a rock 
muffler to muffle the noise. 
All of the wells at each wellpad will be connected to a flash 
separator that will partition the geothermal brine from the 
geothermal steam and noncondensable gases. At least two 
wellfield gathering systems will be used to move the geothermal 
2-5 
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brine and geothermal steam to the power plant. A third pipeline 
may be needed to collect geothermal steam condensate produced by 
heat losses in the steam gathering lines. These pipelines will 
gather the appropriate fluid(s) and gases from each wellpad and 
will be routed to the power plant site together and, where 
practical, adjacent to the wellpad access roads. The steam will 
be delivered to the power plant system; the brine will be 
delivered to the brine surge tank for injection. 
Under normal power plant operations, essentially all of the 
geothermal fluids produced by the production wells and all of the 
noncondensable gases will be returned to the geothermal reservoir 
through the injection wells. In the present design, after the 
steam has passed through the power plant system and been 
condensed, the steam condensate will be mixed with the geothermal 
brine from the brine surge tank. The noncondensable gases will 
then be injected into the condensate/brine mixture, and this 
recombined geothermal fluid will then be injected back into the 
geothermal reservoir. 
2.2.Power Production 
The PGV Project will generate up to 28.5 MW of electrical power 
so that 25 MW can be delivered to the HELCO electric grid system, 
with the balance of the power being consumed by the plant 
equipment. The actual amount of power generated will vary in 
response to steam quantities, atmospheric temperatures and other 
operating conditions. 
several changes have been proposed to the previous PGV Project 
power plant design to increase project reliability and 
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flexibility, decrease construction time and reduce the potential 
for emission of air contaminants. 
The design of the power plant has been modified by: 
utilizing ten (10) nominal 3 MW modular turbine-
generating units instead of two (2) 15 MW turbine-
generator units. Each module will contain the following 
turbine-generating equipment: 
a nominal 1.8 MW back-pressure steam turbine, 
a nominal 1.2 MW binary cycle turbine that generates 
additional electricity from the low-pressure steam 
leaving the back-pressure turbines, and 
a common 3 MW generator; 
utilizing air-cooled condensers for the working fluid in 
the binary cycle instead of the water-cooled condensers, 
thus eliminating the cooling towers and the release of 
gases; and 
injecting all of the produced geothermal fluids 
(geothermal brine, steam condensate and noncondensable 
gases) back into the geothermal reservoir, thus 
eliminating all but negligible fugitive emissions of 
hydrogen sulfide during normal operations. 
Figure 2-3 shows a simple schematic diagram of the PGV Project 
steam turbine/binary cycle power plant system. 
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The proposed 1.8 MW modular back-pressure steam turbines operate 
much the same as the condensing steam turbines proposed in the 
previous PGV Project design, but the steam leaving the 
back-pressure turbines remains slightly above atmospheric 
pressure. Thus, the steam retains a significant amount of heat 
energy which is converted into electricity by the binary power 
generating units, known as Ormat Energy Converter (OEC) units. 
These OEC units, manufactured by Ormat Turbines, Ltd., apply 
principles and technologies well-tested in various industries and 
successfully applied in other geothermal fields throughout the 
world. 
The OECs operate on the same basic principles as steam turbines, 
but use an entirely closed organic working fluid system instead 
of steam. OECs use the heat energy of the geothermal fluid to 
vaporize the organic working fluid (isopentane), 
through a small turbine to generate electricity. 
vapor is then condensed back into a liquid state 
which expands 
The isopentane 
in a condenser. 
The PGV Project is also proposing that the binary working fluid 
condenser be cooled with air, rather than with water. Air 
cooling is also a well-tested technology that has been utilized 
in previous geothermal power plants. In this system, the binary 
working fluid vapor leaving the organic fluid turbines goes to 
the air coolers, where 
containing the vapor. 
large fans force air across tubes 
This air cools the binary working fluid 
vapor and condenses it into a liquid which is collected and 
routed back to the vaporizer and the turbines. Because air 
coolers have replaced the cooling towers, the PGV Project does 
not need to utilize the geothermal steam condensate as cooling 
tower makeup water. Thus, all the geothermal fluids (brine, 
steam condensate, and noncondensable gases) produced by the 
2-9 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
production wells can be injected back into the geothermal 
reservoir via injection wells. 
The back-pressure steam turbine/binary cycle power plant is a 
closed system that, during normal operations, does not release 
any H,S or other gases to the atmosphere. The geothermal fluids 
at the Puna field contains up to 1300 ppm H2S and 600 ppm carbon 
dioxide (CO,). A small fraction of the noncondensable gases will 
remain in the geothermal brine during the initial separation 
process. However, most of the noncondensable gases will be 
partitioned with the steam during the initial separation process, 
pass through the steam turbine, and be routed along with the low 
pressure steam to the heat exchangers in the OEC units. There 
the working fluid will condense the steam. The steam condensate 
will then be mixed with the brine for injection. The remaining 
gases, still under low pressure, will exit the OEC units and be 
compressed, and injected into the mixture of condensate and 
brine, and the recombined stream injected into the geothermal 
reservoir. 
The process of dissolving H2S andjor C02 into water is common 
practice in the field of chemical engineering. Injection of the 
combined fluid stream into the geothermal reservoir has been 
successfully demonstrated at the Coso geothermal field in 
california since July, 1987. Based on these results, the 
noncondensable gases produced from the Puna geothermal reservoir 
will be dissolved and entrained in the produced geothermal fluids 
by in-line mixing, and all of the produced fluids and gases will 
be injected into the geothermal reservoir. To ensure the 
reliability of the injection system, a spare pump, a spare 
compressor, and a spare injection well will be provided. A 
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holding pond is provided to collect liquids for the unlikely 
event of an upset in the liquid injection system. 
A major advantage of the proposed design is the ability of the 
OEC units to operate on high temperature steam when the steam 
portion of the module is not operating. Thus, when one or more 
steam turbines fail, the power plant can continue to operate, 
although at reduced rates; the actual rate of reduction will 
depend on the number of steam turbines that are shutdown. As 
long as the entire power plant uses at least 50 percent of the 
steam flow, there will be no emergency steam release. 
To enable this mode of operation, a steam turbine bypass system 
will be installed on each steam turbine unit so that its OEC unit 
can operate even when the steam turbine portion is not in 
operation (such as during plant start-up). In this situation, 
the geothermal steam bypasses the steam turbine and enters 
directly into the OEC vaporizer, where it condenses as during 
normal operating conditions. 
When the entire power plant is shut down, an emergency steam 
release facility will be used to release steam, treated with 
sodium hydroxide (NaOH) to remove 96 percent of the H2S, through 
a rock muffler (which will reduce noise levels) while the 
wellfield production rate is being reduced to 50 percent of full 
flow. After this reduction, the power plant will emit less than 
2 percent of full flow uncontrolled H,S (98 percent control) 
until normal operation is resumed. 
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3.DETAILED DESCRIPTION OF PROPOSED ACTION 
Planning Commission Rule 12-3 provides a detailed description of 
the information which must be contained in a Geothermal Resource 
Permit application. The discussion that follows is arranged to 
coincide with the order of Items 12-3(b) (2) parts (A) through 
(P). The relevant Rule 12 description is included at the 
beginning of each subsection. 
J.l.Location and Description of Property 
This subsection provides "a description of the property for which 
a permit is being requested to include the property's real 
property tax map key designation and a description of the 
property's location within the County" as required by 
Rule 12-3 (b) (2) part (A). 
The 500-acre PGV Project area, for which the PGV Project is 
requesting a Geothermal Resource Permit, is located in the Puna 
District of the County of Hawaii, approximately 21 miles 
southeast of the city of Hilo, in the Kapoho Section of the 
Kilauea Lower 
Figure 2-1). 
East Rift Geothermal Resource Subzone (see 
The entire PGV Project area was designated as a 
geothermal resource subzone in 1984 by Act 151 of the Hawaii 
legislature. The PGV Project area was one of three areas 
established as subzones since the landowners of these areas had 
already obtained State geothermal mining leases and developers of 
the lands had been issued County special use permits for 
geothermal development activities. 
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Specifically, the approximately 500-acre PGV Project area 
consists of the following properties, as identified by their Tax 
Map Key designations: 
- TMK 1-4-01:2 (portion) containing approximately 300 acres 
- TMK 1-4-01:3 (all) containing 3.741 acres 
- TMK 1-4-01:19 (portion) containing approximately 200 acres 
- TMK 1-4-01:58 (all) containing 0.0758 acres 
This is the total area, surface and subsurface, over which PGV 
intends to conduct the PGV Project, although the actual permanent 
surface disturbance from the project will be limited to 
approximately 24.5 acres within this approximately 500-acre 
parcel (see Section 3.6). The 500-acre PGV Project area 
(see Figure 3-1) is contained entirely within an 816-acre parcel 
that PGV subleases from the Kapoho Land Partnership (KLP). The 
PGV sublease includes the right to develop the geothermal 
resources and utilize as much of the surface lands within the 
subleased lands as reasonably necessary to develop the geothermal 
resources, subject to KLP's right to develop non-competing uses. 
KLP holds the surface rights to the parcel and has obtained a 
State of Hawaii Geothermal Mining Lease (R-2), which includes the 
rights to the geothermal resource. KLP's State lease has been 
assigned to PGV. 
The wellpad and power plant locations are situated on scrub 
vegetation and fallow fields. The dominant vegetation is 
non-native weedy species and abandoned papaya orchards. Much of 
the area within one mile of the power plant is covered by either 
the 1955 lava flow, fallow fields or Metrosideros forests. 
Scattered residences are found outside the project boundary. 
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3.2.Project Scope and Description 
This subsection provides "a written statement describing the 
scope of the planned activities and presenting the applicant's 
reasons for requesting the permit" as required by 
Rule 12-3 (b) (2) part (B). 
PGV is applying for a Geothermal Resource Permit in order to 
develop the Puna geothermal resource for the generation of 
electrical power to furnish 25 MW of electrical capacity to 
HELCO's energy grid system. 
PGV seeks approval from the County of Hawaii Planning Commission 
for the construction of a geothermal power plant, associated 
wellfield and gathering system, and all roads, buildings, and 
facilities necessary for safe, effective development. A detailed 
description of the project is presented below. 
3.2.l.Geothermal Wellfield Facilities 
3.2.l.l.Wellfield Development Plan 
The PGV Project is located in a geologic region known as the 
Lower East Rift Zone (LERZ), found on the eastern flank of 
Kilauea Volcano. At depths below 8,000 feet beneath the surface 
features of the LERZ, a 5- to 15-mile wide dike complex is 
thought to exist, where temperatures approach 1,900"F, the 
melting point of basalt. A secondary magma chamber may be 
located within the LERZ beneath the geothermal reservoir. The 
series of dikes are thought to convey heat to the 
high-temperature geothermal reservoir, a system of vertical to 
near-vertical fractures which contains, below 4,000 feet, a 
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two-phase geothermal resource with temperatures as high as 600"F. 
Overlying the high-temperature geothermal reservoir is a 
relatively impermeable layer of capping rock, generally at depths 
of between 4,000 and 2,500 feet below the surface, although both 
the upper and lower boundaries are variable and dependent upon 
the local permeability (fractures). A conceptual model of the 
Puna geothermal reservoir is presented in Figure 3-2. 
To date, six deep test wells have been drilled in the general PGV 
Project area (see Figure 3-3). Four of the wells appear to have 
been drilled -into the high-temperature Puna geothermal reservoir, 
as they encountered temperatures in excess of 600"F at depths 
below 4,000 feet: Kapoho State 1 (KS-1) and Kapoho State 1-A 
(KS-lA), drilled from PGV Wellpad A; Kapoho State 2 (KS-2), 
drilled from PGV Wellpad B, and the HGP-A well. Currently, KS-1 
and KS-2 are suspended with cement plugs in their bores, and 
KS-lA is closed in (shut in). The fourth well, HGP-A, is 
currently producing steam for the 3 MW HGP-A demonstration plant, 
which is located immediately outside the PGV Project boundary, 
south of proposed PGV Wellpad E. The other two wells, Lanipuna 1 
and Lanapuna 6, encountered lower temperatures and appear to be 
located on, and define, the southeast margin of the high 
temperature geothermal system in the immediate area. 
The proposed PGV Project geothermal wellfield development plan 
has been designed to maximize the possibility of drilling 
geothermal production wells that intersect, below approximately 
4,000 feet, these near-vertical fractures, which are generally 
aligned along the axis of the LERZ and which carry the geothermal 
fluids. To accomplish this, geothermal wells will be 
directionally drilled in general southeast and northwest 
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directions from the six multi-well wellpads shown in Figure 3-4. 
As stated above, geothermal exploration wells have already been 
drilled from Wellpads A and B. The proposed sites for the four 
additional wellpads (Wellpads C, D, E and F) were selected on 
basis of proximity to the power plant, current knowledge of 
reservoir extent, optimal drilling targets, directional drilling 
experiences, and injection needs. In order to optimize wellfield 
production with low surface area requirements, these proposed 
wellpad locations may require relocation within the proposed 
500-acre PGV Project area after additional drilling, production, 
injection, or-other information becomes available. The 
approximate elevations of the wellpads in feet above mean sea 
level (AMSL) are given in Table 3-1. 
Table 3-1. Geothermal Well pad Elevations 
Description Elevation 
Well pad A 640 feet 
Well pad B 720 feet 
Well pad c 680 feet 
Well pad D 700 feet 
Well pad E 620 feet 
Well pad F 620 feet 
Table 3-2 presents the current initial geothermal well 
development plan for the PGV Project. Based upon drilling and 
flow testing experience to date, and projections of future 
performance, PGV has designed its wellfield for wells that 
produce approximately 62,500 lb/hr steam, with any individual 
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Table 3-2. Initial Well Development Plan 
Type of Well 
Production Wells 
Injection Wells 
Allowance for Unusable Wells 
Total Initial Wells 
Anticipated 
8 
2 
0 
10 
Range 
7 - 9 
2 - 3 
0 - 2 
9 - 14 
well producing between 55,000 and 90,000 lbjhr steam. Thus, PGV 
anticipates that eight (8) production wells will be needed to 
supply the anticipated steam requirements of 500,000 lb/hr for 
the power plant at full load, although depending on the actual 
production rate of the wells, seven (7) to nine (9) wells may 
eventually supply the steam requirements of the project. To 
dispose of the produced geothermal brine and geothermal steam 
condensate, two (2) wells have been planned as geothermal 
injection wells; one for ongoing use and one as a spare, although 
a third well may be necessary. Some wells with poor production 
characteristics may ultimately be used as injection wells, but it 
is currently anticipated that wells will be drilled specifically 
for the injection of geothermal fluids. Additional wells are 
also included in the initial geothermal well development plan to 
allow for the possibility of drilling unsuccessful wells which 
terminate in impermeable rock. 
Once sufficient wells are drilled to supply the initial 
production and injection requirements of the power plant, 
additional wells will be drilled as needed to supplement replace 
wells which have lost production or injection capacity, which is 
a normal occurrence in all geothermal fields. Over the 35-year 
life of 
3-10 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
Table 3-3. Anticipated Initial Geothermal Well Development 
Sequence 
Wellpad and Well Number 
Drilling Sequence Production Wells Iniection Wells 
Existing A-2 (KS-lA) 
First 
Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 
Ninth 
E-1 
E-2 
A-3 
A-4 
D-1 
D-2 
E-3 
E-4 
B-2 
F-1 
F-2 
F-3 
the PGV Project, it may be necessary to drill as many as 30 
geothermal wells, the maximum number of wells which can be 
drilled from the six proposed wellpads (see Section 3.2.1.2). 
The currently anticipated well development sequence for the 
initially required production and injection wells is shown in 
Table 3-3. The first well listed in Table 3-3, Well A-2 (KS-lA), 
already exists. The other wells in the project area, A-1 (KS-1) 
and B-1 (KS-2), are cemented in and will not be used. The 
drilling sequence proposed for the next seven wells reflects the 
overall strategy to drill wells with the highest resource 
confidence level first, followed progressively by those in more 
uncertain areas, with a significant consideration given to 
minimizing the number of times the drilling rig must move between 
wellpads. This proposed drilling sequence will be reviewed and 
changed, if necessary, after the completion of each well as 
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additional information is gathered about the geothermal 
reservoir. At present, of the existing three wells, only KS-lA 
will be used as a production well for the PGV Project. Further, 
no wells are currently planned for Wellpad C in the initial 
development, and this wellpad will be kept in reserve for the 
drilling of makeup wells when necessary. 
The specific bottom hole drilling target for each well cannot be 
determined precisely with the reservoir information now 
available, but, because wells will be directionally drilled from 
the wellpads, -the bottom hole locations may be up to 1,500 feet 
horizontally distant from the wellhead. However, all bottom hole 
locations will remain within the 500-acre PGV Project area 
boundary. Specific bottom hole targets will be identified for 
each geothermal well in the drilling permit application which is 
required by the Hawaii State Department of Land and Natural 
Resources (DLNR) to be submitted to, and approved by, the DLNR 
prior to commencing drilling. 
3.2.1.2.Wellpads and Access Roads 
Each wellpad will measure approximately 300 by 400 feet, and will 
be designed to accommodate the drilling of up to five wells (see 
Figure 3-5). The wellheads will be placed in cellars 
approximately 10 by 10 by 8 feet deep (see Figure 3-6), and will 
be set about 50 to 100 feet apart within the wellpad. Each 
wellpad will be a leveled area large enough to accommodate the 
drilling rig and all the drilling support equipment, structures 
and crews. Each site will be engineered to support the drilling 
equipment and to keep drilling effluent contained onsite and 
separate from any natural drainage. Each wellpad will have 
drilling mud pits; sumps with gently sloped walls used to 
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Figure 3-5. Proposed Puna Geothermal Venture Project Wellpad 
Layout 
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Figure 3-6. Typical Production Well Design 
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temporarily store drilling wastes, which typically consist of 
rock cuttings, waste drilling mud, cement particles, 
lost-circulation material and other drilling mud additives, and 
other waste drilling liquids. 
Once drilling and initial testing of the wells on a wellpad is 
complete, the drilling rig will be removed and only the rock 
muffler, a brinejsteam separator, and associated piping will 
remain on the pad. However, the wellpad area must be maintained 
to allow the return of the drilling rig should any of the wells 
need to be worked over or new wells drilled from the wellpad. 
The existing site access road to the project area is from 
Pahoa-Pohoiki Road. A new access road is planned from 
Highway 132, and the existing road will not be used in most 
instances. To mitigate potential traffic congestion and 
accidents relating to traffic on Highway 132, a right-hand turn 
lane will be constructed for vehicles turning into the site off 
Highway 132. The locations of both of the roads are depicted in 
the site plan (Figure 2-2). The main access road will allow 
two-way traffic and will meet local standards for its expected 
use. The single-lane interior service roads will be about 
15 feet wide, surfaced with cinders, and built to accommodate the 
large trucks used to bring the drilling and testing equipment to 
the wellpads. 
3.2.1.3.Well Drilling 
Figure 3-7 shows how the equipment required to drill the 
geothermal resource wells might appear during drilling 
operations. This equipment consists of the mast or derrick, pipe 
racks and drill pipe, mud mixing tanks, mud pumps and air 
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Figure 3-7. View of a Typical Geothermal Well Drilling Operation 
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compressors, diesel engines, blowout prevention equipment, a 
muffler or separator for well testing, fuel and drilling water 
storage water tanks, hydrogen sulfide abatement equipment, and a 
trailer office, change house, and restrooms for the crews. 
The drilling rig will consist of a rig floor with draw works and 
a rotating table on a steel base structure to raise the rig floor 
about 20 feet off the ground to allow space for the wellhead and 
well-control equipment used in drilling. The rig floor is topped 
by a mast, or derrick, about 130 feet high. The entire rig will 
be powered by -electricity generated by onsite diesel engines. A 
tank of approximately 11,000 gallons will store the No. 2 diesel 
fuel oil. 
Drilling operations will be conducted on a 24-hour a day, 7-day 
per week basis until each well is completed. During drilling the 
wellhead is equipped with a set of control valves which 
collectively compose the blowout prevention equipment (BOPE) . 
The BOPE is capable of closing (shutting) in a well during 
drilling operations to contain underground fluids inside the well 
and prevent any uncontrolled release of geothermal fluids at the 
wellhead. The BOPE is frequently tested to ensure its proper 
operation in an emergency. 
During drilling in the upper part of the hole, the circulation 
fluid will be drilling mud, a mixture predominantly of bentonite 
clay and water, with other, mostly inert, nontoxic additives 
included in small amounts. see Figure 3-8 for the basic elements 
of a rotary drilling rig of the type that will be used by the PGV 
Project. During the final phases of drilling in the production 
zone, aerated water or aerated mud may be used instead of 
drilling muds. Drilling muds are typically used in those 
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Figure 3-8. Drilling Fluid Circulation System of a Rotary 
Drilling Rig 
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portions of the well where water is expected, whereas the 
reservoir intervals of wells in geothermal fields containing high 
percentages of steam are preferably drilled with air or aerated 
water. Drilling typically requires about 30,000 gallons of water 
per day for the preparation of new drilling fluid, washing of the 
rig, and other uses. 
While drilling with aerated water or aerated mud, which should 
last no more than about 10 days, pressure of the liquid column of 
the drilling fluid is greater than the pressure in the reservoir 
and normally there will be no emission of steam and 
noncondensables. Occasionally, (about two to six times during 
the aerated water or mud drilling period) when the pressure of 
the reservoir overcomes the pressure of the drilling fluid, some 
steam with noncondensable gases may enter the wellbore and be 
vented to the atmosphere for a brief period of five (5) to ten 
(10) minutes. At ten minutes of full steam flow through the 
annulus (5,000 lb), total unabated hourly emissions will be less 
than 7 lb of H2S. If a release occurs, the drilling fluid weight 
will be immediately increased, stopping the steam flow. If the 
pressure cannot be restored quickly enough, the BOP equipment 
will be used to control the flow. 
All wells will be drilled into the geothermal reservoir, which 
starts at a depth of approximately 4,000 feet below the surface. 
A series of steel casing pipes of gradually decreasing diameter 
will be cemented at certain depth intervals in order to: 
(1) maintain circulation of drilling fluids and to prevent 
contamination of ground waters; (2) prevent the hole from 
collapsing; and (3) present a clean surface to geothermal fluids. 
Wells drilled as production wells will consist 
13-3/8-inch, and 9-5/8-inch diameter casings. 
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diameter casing (known as the surface casing) provides hole 
stability and reduces the loss of drilling mud into fractures 
near the surface. The 13-/8-inch diameter casing (known as the 
intermediate casing) will extend from the surface down into the 
caprock (at approximately 2,000 feet), and 9-5/8-inch casing 
(known as the production casing) will extend from the surface to 
about 4,000 feet. 
Prior to inserting each string of casing into the hole, the hole 
is thoroughly flushed and cleaned by circulating fluids. Once 
this is done, the casing is gradually lowered in the hole and 
cemented in place. A 7-inch perforated liner will be installed 
from the bottom of the 9-5/8-inch casing to the bottom of the 
well at approximately 7,000 feet. This slotted casing helps to 
maintain well integrity, but is not cemented in place to allow 
for production of the geothermal fluids into the well to be 
brought to the surface. All casings will be steel, joined with 
premium threaded couplings. Figure 3-6 is a diagram of a typical 
production well, and Appendix B is a drilling and completion 
program for a typical production well. Average drilling time for 
the wells will be approximately 45 days. 
Directional drilling will need to be used during drilling 
operations to change or control the direction the drilling is 
proceeding. This expensive procedure is necessary because more 
than one well is to be drilled from each wellpad, and the 
bottom-hole location of each well must be far enough away from 
each of the other well production zones to avoid unwanted 
interference between wells. Directionally drilled wells are 
first drilled vertically to a selected depth and are then 
gradually deviated in specific directions using down-hole 
directional drilling equipment. 
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The following mitigation measures will be taken to ensure the 
integrity of the geothermal wells and to prevent blowouts: 
- Use blowout prevention equipment that can rapidly choke off 
the flow of fluids from the well during drilling; 
- Use conservative safety factors in designing wells and 
wellhead equipment; 
Install- two strings of steel casing cemented in place from 
the surface into the reservoir caprock; 
- Use premium grade casing materials and connections to 
strengthen the wellbore; 
- Specify cement mixtures with high strength and insulating 
properties; 
Follow correct procedures during cementing of well casing; 
- Inspect and test the wellhead equipment regularly; and 
- Periodically survey the casing to inspect its condition; 
3.2.1.4.Well Cleanout and Testing 
Each production well will need to be cleaned out after drilling 
to ensure maximum well productivity. During initial clean out, 
each well will be vented vertically to remove dust and drilling 
debris. PGV has found from past experience from drilling at Puna 
that vertical venting is necessary for effective cleanout. 
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Diverting the flow from the wells to a separator or a rock 
muffler during cleanout would cause large and small particles and 
mud to accumulate in the equipment and interfere with the flow 
testing. An analysis of BACT for wellfield emissions was 
conducted for the previously proposed project, and this analysis 
confirmed that the application of chemical treatment during well 
cleanout was impractical, ineffective, and likely to produce 
adverse environmental consequences. Thus, BACT for well venting 
consists of limiting the duration of the event and scheduling 
venting for periods with wind speeds ~4 m;s, meteorological 
conditions which can be expected to prevent the venting emissions 
from exceeding the proposed H,S ambient air quality standard (see 
Section 3.9). 
During this venting, which may last a total of approximately four 
hours, the H,S emissions will be unabated. To minimize the 
amount of H,S released to the atmosphere during well venting, PGV 
will implement a program to clean out wells thoroughly prior to 
ceasing drilling operations by circulating fluids for a longer 
period of time. PGV will provide proper notification of well 
venting as required. 
Table 3-4 shows the anticipated concentration of H,S and the 
other noncondensable gases which will be produced from the Puna 
geothermal reservoir. 
After initial cleanout, the wells will be flow tested to 
determine the quality, flow, composition and pressure of the 
fluid and the capacity of the reservoir feeding the well. Each 
well is anticipated to have a flow rate of between 55,000 and 
90,000 lb/hr of steam; 14,000 to 22,000 lb/hr brine; and 50 to 
120 lb/hr H,S. Table 3-5 shows the chemical composition of the 
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Table 3-4. Composite Noncondensable Gas Composition 
Element 
co. 
H2S 
NH' 3 
Ar 
N• 
CH,' 
He 
H, 
Total NCG 
Observed 
Content 
in Steam• 
(ppmwl 
250 - 1,042 
800 - 1,300 
6 13 
10 700 
<0.009 
11 - 1,412 
1,500 - 2,200 
Design 
Composition 
(ppmwl 
600 
1,300 
50 
20 
1,970 
Composite data from three wells on the PGV site (KS-1, 
KS-1A, and KS-2) and the HGP-A well 
1
'"Wellhead pressure = 155 psig; 
Wellhead temperature = 368·F 
lb1Below detection limit (<1.5 ppm NH, in KS-1A) 
1
'
1Below detection limit (<0.2 ppm CH, in KS-1A) 
geothermal fluid (brine and steam) anticipated to be produced 
from the Puna geothermal reservoir. Connections for a portable 
H2S chemical abatement unit (consisting of NaOH tanks, injection 
pumps and piping) will be provided in the steamline from the 
separator to the rock 
during well testing. 
muffler to be used to abate H2S emissions 
The NaOH will be injected into the steam 
stream downstream of the separators. 
Initially, well testing may require up to 20 days per well; 
however, testing durations are anticipated to decrease to 10 days 
or less as more wells are added and reservoir experience 
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Table 3-5. Composite Geothermal Fluid Chemical Composition 
Element 
Na 
K 
ca 
Mg 
Fe 
Mn 
B 
Br 
I 
F 
Li 
Cl 
NH 
so (b) 
3 
Hg 
As 
sl'l 
Total Alkalinity 
HCO, 
co, 
sio, 
TSS 
TDS1dl 
pH 
Conductivity 
(mhos/em) 
Density 
Brine1"' 
Cppmwl 
600 - 10' 000 
123 2,700 
40 920 
1 2 
<1 8.4 
<1 8. 5 
4 11 
40 so 
<20 
0.2 0.9 
1 9 
925 - 21,000 
<0.01 - 0.10 
9. 2 24 
<0.001-
0. 09 -
5 
$10 
0 
0 
420 
70 
<0.05 
0.4 
100 
18 
1,500 
2,500 - 35,000 
$5 5.5 
3,100 - 67,000 
1. 03 
steam 
Condensate1"' 
Cppmwl 
0.17 
0.1 
0.1 
<0.1 
0.05 
<0.5 
<0.01 
<2 
0.12 
13 
<0.01 
<10 
0 
0 
0.7 
15 
3.5 
120 
composite data from three wells on the PGV site (KS-1, 
KS-1A, and KS-2) and the HGP-A well. 
loJWellhead pressure = 155 psig; 
Wellhead temperature = 36B'F 
lb1concentration high due to oxidation of s· to so, 
1
'
1Concentration low due to oxidation of s· to so, 
•TDS = Total Dissolved Solids 
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increases. Wells may be 
during the test period. 
any one time at the PGV 
flowed continuously or intermittently 
No more than one well will be tested at 
Project wellfield. 
Wells that are reworked after commencing operation may also have 
to be vented vertically and flow tested. The venting will be 
performed under the same conditions and with the same precautions 
as after initial drilling. The duration of the flow testing may 
be less than 10 days, and the steam and gases will either be 
released through the rock muffler at the wellpad or the flow will 
be directed through the pipelines to the power plant. In either 
case, the flow will initially pass through a separator. If the 
testing is through the rock muffler, the portable abatement unit 
will be used to inject NaOH into the steamline from the wellhead 
to the rock muffler such that H,S emissions are abated by 
95 percent. If the flow is directed to the power plant, there 
will be no emissions due to flow testing of the reworked well. 
3.2.1.5.We11pad Equipment 
Each wellpad will contain a wellhead piping subsystem. This 
system is shown in Figure 3-9. The subsystem begins downstream 
of the master shutoff valves at each wellhead and includes 
production, throttling, and isolation valves and instrumentation 
required for monitoring and control of each well. A rock 
catcher(rock particle separator) will be installed immediately 
downstream of each wellhead. 
Flash separators, approximately 6 feet in diameter and 12 feet 
high, will be located in the wellfield. The separators will 
partition the two-phase flow to steam (approximately 80 percent) 
and brine (approximately 20 percent). The separators will 
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operate at a pressure of approximately 200 psig. All wells will 
be equipped with temperature and pressure gauges. Flow from the 
wells will be measured, and operation of the flow control valves 
will be manual. 
3.2.1.6.Well!ield Gathering Systems 
Pipeline systems will collect each of the produced fluids and 
transport them to the power plant site. Up to three gathering 
systems will be required: steam, steam pipeline condensate and 
brine. Figure 3-10 is a process flow diagram of the gathering 
systems. Each gathering system will be independent of the other 
systems, interconnecting only at the points where two streams are 
present; for example, wellfield separators (steam and brine). 
All pressure piping will be designed in accordance with the 
applicable American National Standards Institute (ANSI) codes and 
in conformance with Hawaii State codes. The piping systems are 
engineered for the stresses induced by thermal, pressure, dead, 
and seismic loads, taking into account all planned system 
operating conditions. Sufficient horizontal and vertical 
flexibility will be incorporated in the design to withstand 
ground movements in accordance with the uniform Building Code 
(UBC) construction requirements for Seismic Zone 4. Seismic 
Zone 4 requirements will be incorporated in the design of the PGV 
Project as an extra safety precaution even though the Island of 
Hawaii is designated as an area requiring compliance only with 
the less stringent Seismic zone 3 standards. 
The external surfaces of the pipelines will be cover-ed with 
insulation and painted in order to blend with the background 
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vegetation andjor volcanic rock and reduce visual impacts, 
consistent with safety concerns. 
Approximately 3,000 feet of pipeline corridor will be needed to 
connect the six proposed wellpads to the power plant site. The 
pipelines will generally follow road alignments, wherever 
possible, to minimize the ground disturbance during installation 
and maintenance. This is also generally the shortest route from 
the source to the power plant, which minimizes the heat and 
frictional losses during transit. However, the pipeline layout 
may also be influenced by the terrain and the reduction of visual 
impacts. With a 10-foot wide corridor, ground disturbance for 
the 3,000 feet of pipelines will be less than 0.7 acres. 
3.2.1.6.l.Steam Gathering System 
Each steamjbrine separator will discharge steam at approximately 
200 psig into the steam gathering system. The steam gathering 
system will then transport the steam to the power plant. The 
steam gathering system starts out as a single line from each 
wellpad and which increases in diameter as the steam from other 
wellpads is connected together. Pipeline diameters will be 12 to 
24 inches, depending upon both the amount of steam and the 
distance that the steam must be transported. 
In addition to the pipes and valves involved in the system, the 
steam gathering system will include moisture separators at the 
power plant. These separators will remove any entrained water 
from the steam before entering the steam turbines. (Any water 
droplets carried into the turbines can cause increased wear on, 
or damage to, the turbine blades.) 
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The steam gathering system pipelines will be constructed of 
carbon steel. Allowances will be made for corrosion and other 
forms of long-term degradation of the carbon steel pipes. The 
pipelines will be insulated to conserve as much heat as possible 
since heat loss leads to condensation of part of the steam and 
reduces thermal energy and power production. 
Steam gathering system pipelines will typically be supported from 
2 to 4 feet above the ground. Actual heights will be determined 
by the terrain and other pipeline design considerations. Steel 
pillars with concrete foundations will support the pipelines at 
appropriate distances to prevent sagging. Thermal expansion of 
the pipe requires that expansion loops be used to prevent damage 
to the pipes. These loops will be kept horizontal as much as 
possible, but some vertical loops will be used, such as at road 
crossings. 
Prior to start-up of the plant, the steam gathering system must 
be cleaned out to prevent dirt and debris from entering the power 
plant equipment. Cleanout is accomplished by passing the steam 
from one or more wells through the pipeline and venting it 
unabated directly to the atmosphere. As with initial cleanout of 
the wells, it is not practical or desireable to use chemical 
abatement during pipeline cleanouts, and therefore, pipeline 
cleanouts will be scheduled during periods when wind speed 
~4 mjs, conditions which will provide for maintenance of the H2S 
ambient air quality standard. Cleanout will also be scheduled so 
that it will not coincide with well venting, flow testing, or 
drilling with aerated water or mud. 
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3.2.1.6.2.Steam Pipeline condensate Gathering system 
Depending on terrain and distance, a steam pipeline condensate 
gathering system may be needed to collect steam that condenses in 
the steam gathering pipelines. If a steam condensate pipeline is 
installed, drains at the low points of the steam gathering line 
would allow the condensate from the steam pipelines to enter the 
condensate gathering system. 
The steam condensate gathering system pipelines, if installed, 
would also be constructed of carbon steel but would be much 
smaller in diameter (probably 2 inches) than the steam gathering 
system pipelines. Allowances would also be made for corrosion 
and other forms of long-term degradation of the pipes. 
The steam condensate pipeline would transfer the collected 
condensate under pressure to a steam line at the outlet of the 
steam turbines. In general, the condensate gathering system, if 
necessary, would parallel the steam gathering system. 
3.2.1.6.3.Brine Gathering System 
The brine gathering system will transport the brine under 
pressure from the wellfield separators to the brine surge tank, 
located at the power plant site. From there, the brine would flow 
to the injection wells, where all geothermal fluids produced 
during operation of the PGV Project wellfield and power plant 
(geothermal brine, geothermal steam condensate, and geothermal 
noncondensable gases) will be combined and injected back into the 
geothermal reservoir. The pipelines used in the brine gathering 
system will be 4 to 6 inches in diameter, smaller than the steam 
gathering pipelines. 
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The brine gathering system will follow the same corridors as the 
steam gathering system, and will consist of carbon steel 
pipelines insulated to maintain heat and painted to blend with 
the vegetation. 
3.2.1.7.Geothermal Fluids Injection system 
Under normal operating conditions, essentially all geothermal 
fluids produced during operation of the PGV Project wellfield and 
power plant (geothermal brine, geothermal steam condensate, and 
geothermal noncondensable gases) will be injected back into the 
geothermal reservoir and only negligible fugitive emissions of 
the geothermal fluids might be expected. 
Recombining of all the geothermal components will probably be in 
the following sequence: first, the condensate will be cooled and 
combined with the brine; second, the compressed noncondensable 
gases will be mixed with the combined condensate and brine to 
produce one geothermal fluid, which will have basically the same 
composition as the original geothermal fluid. 
PGV anticipates that all three geothermal streams will be 
combined into one (1) stream and injected into one (1) well, but 
depending upon the chemical behavior of the combined stream, 
there is a possibility that brine and condensate will be injected 
in two (2) separate wells. This decision will be made prior to 
power plant operation. 
Wells will likely be drilled specifically for the injection of 
the geothermal fluids (see Section 3.2.1.1). Alternatively, 
marginal geothermal production wells, which are production wells 
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producing less-than-desired steam flow or steam fraction and, 
therefore, are not economical to use in producing electrical 
energy, may be used as injection wells. Wells drilled 
specifically for injection would still be drilled into the 
geothermal reservoir, but would likely be more shallow than wells 
drilled as geothermal production wells. This would still ensure 
reliable, safe injection of the geothermal fluids back into the 
geothermal reservoir, and would possibly reduce the cost of the 
well through, as shown in Figure 3-11, the elimination of the 
intermediate string of casing from the well design. In either 
event, hang-down strings of special or coated solid steel liners 
would be used to protect the premium casing of each well during 
its use as an injection well. These removable strings of pipe 
will be placed inside the larger diameter casing. Up to three 
injection wells (two operating plus a spare) will be required to 
inject the maximum anticipated 570,000 lbjhr (1,140 gpm) of 
produced geothermal fluids (see Section 3.2.2). 
The required well drilling and/or conversion permits will be 
obtained from the Department of Land and Natural Resources 
(DLNR), as necessary. 
To ensure high reliability of the geothermal fluids injection 
system, each component of the system will be backed by a spare. 
A spare fluid pump, a spare noncondensable gas compressor, and a 
spare geothermal injection well will be provided. However, in 
the unlikely event of an upset in the injection system, an 
unlined holding pond will be constructed at the power plant site 
to receive, and temporarily store until it infiltrates, 
geothermal brine andjor condensate (see also Section 3.2.2.3). 
Prior to discharge to the holding pond, the brine will pass 
through the emergency steam facility and a small amount of steam 
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and H2S would be released through the rock muffler. 
3.2.1.8.Makeup Wells 
Over the lifetime of the project, individual geothermal wells may 
require to be supplemented or replaced because production or 
injection capability has declined to a point where the well's 
contribution to the project is minimal. As many as 20 wells may 
be drilled over the 35-year economic life of the project to 
maintain full plant output (see Section 3.2.1.1 and 
Section 3.2.1.3). Wells no longer useful for production or 
injection may be used for reservoir monitoring or abandoned (see 
Section 3.2.7). 
3.2.2.Power Production systems 
The PGV Project power plant is designed to provide approximately 
25 MW of capacity to the HELCO energy grid system. The power 
plant will be built with a maximum gross capacity of 
approximately 28.5 MW, with the difference being used by the 
power plant for internal energy requirements. Actual ambient 
temperatures and other operating conditions will vary the amount 
of electricity generated andjor steam required, with more power 
able to be generated during periods of cooler air temperatures. 
The PGV Project power plant will consist of ten modules, each one 
consisting of a back-pressure steam turbine integrated in series 
with an air-cooled binary cycle OEC unit, so that steam leaving 
each steam turbine is utilized in the vaporizer of the companion 
binary OEC unit. A flow diagram of the power plant, showing a 
general heat and mass balance, is presented in Figure 3-12. 
Under normal operating conditions, an estimated 500,000 lb/hr of 
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steam (at 381•F and 184 psig) at the steam turbine inlet will be 
required to generate the full 25 MW (net) of power, but up to 
570,000 lbjhr of steam may be required, depending on actual 
reservoir conditions encountered (pressure and temperature). 
The power generation equipment will occupy the 6-acre power plant 
site at an elevation of approximately 670 feet AMSL between 
Wellpads A and B. Figure 3-13 shows the general arrangement of 
the power plant site. The steam turbine\air-cooled OEC unit 
modules will be arranged in two parallel banks in the middle of 
the plant site. All of the auxiliary equipment will be located 
on the power plant site, except the holding pond and rock 
mufflers which will be located south of the southeastern corner 
of the site (see Section 3.2.2.3). 
3.2.2.1.Turbine-Generator System 
J.2.2.1.1.steam Turbines 
The steam turbines operate by removing the heat energy from the 
steam and converting it into mechanical work. As the steam 
expands through each turbine, it increases its velocity. The 
high-velocity steam pushes against a series of blades in the 
turbine and rotates the blades. The blades are connected to a 
central shaft which rotates the generator, which generates the 
electrical energy. 
High-pressure steam at approximately 381•F and 184 psig will be 
delivered during normal operation and average conditions to the 
inlet of each steam turbine. After driving the steam turbine, 
the steam will exit at a pressure still above atmospheric. 
(Because the steam exits these turbines at a pressure above 
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atmospheric levels, these turbines are called back-pressure steam 
turbines.) The low-pressure steam leaving each turbine will be 
routed to the companion OEC binary unit. 
Turbine control and isolation will be provided by control and , 
stop valves in 
the turbines. 
the main steamline, positioned just upstream of 
The turbines will include auxiliary systems (such 
as lubrication, shaft sealing and cooling) necessary for turbine 
operation. 
3.2.2.1.2.Steam Turbine Bypass 
Each steam turbine will be equipped with a bypass system which is 
designed to direct the high pressure steam around the steam 
turbine directly to the OEC binary unit. 
During turbine upset conditions or start-up, the steam turbine 
bypass system will route the steam around the effected turbine 
directly to its corresponding OEC unit. The steam turbine bypass 
system will allow a generator to operate, in a reduced capacity, 
while the connected steam turbine is off-line. When a steam 
turbine bypass system is actuated, the steam turbine bypass 
valves are opened and the OEC unit, which is capable of operating 
with high temperature steam, will continue to operate. The steam 
flow from the wells will be reduced as necessary to accommodate 
the reduced production capacity of the power plant. 
3.2.2.1.3.0EC Binary units 
The low-pressure steam exiting each steam turbine will flow 
through steam piping to its corresponding 1.2 MW air-cooled OEC 
binary unit. Each OEC unit is a self-contained generating unit. 
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Major components of an OEC unit are: a working fluid vaporizer, 
a turbine, an air-cooled working fluid condenser, and a working 
fluid recycle pump. The OEC modules will also include automatic 
and manual control valves, level switches, pressure gauges, 
pressure controls, internal piping, and power and control boards. 
The OEC unit system is based on the Rankine power cycle. The 
cycle will use isopentane as the working fluid for this project. 
Isopentane is a colorless hydrocarbon liquid, much like butane or 
propane (bottled gas), but is much less hazardous because it has 
a much lower vapor pressure (see Section 3.2.3.5). A schematic 
flow diagram of the OEC cycle is shown in Figure 3-14. 
Approximately 298,000 lb/hr of 136"F isopentane working fluid 
will be vaporized by the heat of the low-pressure geothermal 
steam flowing through each vaporizer. The resulting 214"F 
isopentane vapor will expand as it passes through the impulse 
turbine, which is coupled to a generator that produces 3-phase 
electrical power. The exhaust vapor is condensed in an 
air-cooled condenser and recycled to the vaporizer by the working 
fluid recycle pump. The condensed steam from the vaporizer will 
be mixed with the brine and the noncondensable gases and then 
injected into the geothermal reservoir (see Section 3.2.1.7). 
The OEC unit vaporizers will be shell-and-tube type heat 
exchangers designed and fabricated in accordance with the 
applicable TEMA-C standards and ASME codes (Unfired Pressure 
Vessels, Section VII, Oiv. I). Vaporization of the working fluid 
will take place in the shell side of the heat exchangers, while 
the low-pressure geothermal steam will flow inside the tubes to 
facilitate cleaning of the heat exchangers. A liquid separator 
installed at the outlet of the vaporizer will prevent liquid 
isopentane droplets from being entrained in the vapor and 
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subsequently impinging on the turbine impeller blades. The OEC 
turbines will have injection nozzles and turbine blades 
specifically designed to operate with organic vapor. The 
injection valves will be designed to operate at high efficiencies 
over a wide range of process conditions. 
After passing through the turbine, the vaporized working fluid 
will be routed to an air cooling unit, the top of which is 
elevated approximately 24 feet above ground level. Vertically 
mounted fans will force air across the condenser vapor tubes, 
removing sufficient heat to condense the working liquid. The 
condensed isopentane will accumulate at the feed pump suction 
inlet by gravity flow. The air coolers will be sited adjacent to 
the OEC unit turbine-generator and vaporizer as shown in 
Figure 3-13. The propeller fans for each set of air coolers will 
be driven by electric motors by means of a positive drive belt. 
Air cooling will completely eliminate the drift, gaseous 
emissions, water requirements, and liquid blowdown associated 
with water cooling towers. 
The cycle feed pump, controlled by a level control device, will 
pump the working fluid to the vaporizer. The motor-driven pump 
is a multi-stage centrifugal pump with mechanical seals and is 
characterized by overall high efficiency and low net positive 
suction head. 
The OEC units will be equipped with pneumatic valves to regulate 
the flows of vapor and liquid in the organic fluid cycle. All 
valves will be designed and constructed in accordance with the 
ANSI Class 150 or 300, as appropriate. The OEC units will also 
have an internal bypass to divert the isopentane vapor directly 
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to the air coolers in case of malfunctioning of the turbine or 
the generator. 
Operation of the power plant will result in some fugitive 
isopentane emissions. Mechanical seals on each OEC unit are 
designed and manufactured as per API 610 specifications, and 
fugitive emissions from the mechanical seals on each OEC unit 
will be only about 60 gallons per year, or less than 0.032 lb/hr. 
Negligible emissions of isopentane to the atmosphere may occur 
from other minor system leaks during normal operations. Fugitive 
isopentane emissions will not exceed 0.4 lbjhr total from all 
OECs. Maximum isopentane concentrations will not exceed 1000 ppm 
from any seal, flange, valve or other fugitive emissions point, 
when measured from a distance of 2 inches (5 ern) from the point. 
Upset operational emissions of isopentane to the atmosphere could 
occur upon activation of any of the isopentane pressure relief 
valves (of which there are two on each OEC unit) or upon certain 
other unlikely equipment upsets. However, because each of the 
OEC units are independent modules, the amount and duration of any 
such release will be limited. The release point will be from a 
32-foot stack at one of the ends of the air cooler for each OEC 
unit, and dispersion will be enhanced by the action of the air 
cooler fans. 
Should an overpressure situation arise in an OEC unit, an alarm 
will be activated, and the unit will be shut down automatically. 
The maximum release from an individual OEC unit is expected to be 
2,500 lb, one-third of the contents of an OEC unit. Typically, 
after only a few seconds, the pressure in the working cycle is 
expected to drop, and the relief valve will close. 
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3.2.2.1.4.Generators 
Each steam turbine and OEC turbine will be connected to a common 
3,600 rpm, 13.8 kV electric generator. The generators convert 
the mechanical energy of the turbines into 3-phase electrical 
power. The 13.8 kV generators will be cooled by air. Protective 
devices will guard against overcurrent, overvoltage, loss of 
field, and fluctuation in frequency. Dedicated power circuit 
breakers will serve each generator. 
3.2.2.2.Noncondensab1e Gas control 
Under normal operating conditions, there will be no emissions of 
H2S other than negligible fugitive emissions from piping joints, 
which will be minimized through proper design, ongoing 
maintenance procedures and monitoring by plant operators. All 
other noncondensable gases produced at the wells will be injected 
back into the geothermal reservoir. 
Almost all of the noncondensable gases produced from the 
geothermal reservoir with the geothermal fluids will be 
partitioned with the steam in the flash separators and will pass 
through the steam turbines. As the low-pressure steam leaving 
the steam turbines is condensed in the OEC vaporizers, the 
noncondensable gases and residual water vapor will remain under 
low pressure. With the design composition of the noncondensable 
gases in the Puna Geothermal field, an estimated 650 lb/hr H.s 
and 324 lb/hr C02 will be passed through the ten (10) OEC unit 
vaporizers. These gases will be piped from the vaporizers of the 
OEC units to gas compressors, which will compress the gases prior 
to injection into the combined steam condensate and brine line 
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and, ultimately, will be injected into the geothermal reservoir 
(see Section 3.2.1.7). 
Dissolving H,S andjor co, into water is a well-known operation in 
the field of chemical engineering. The abatement of H,S and co, 
emissions by gas injection, as described above, has been 
demonstrated successful at the Coso geothermal reservoir in 
California since July, 1987. Gas injection has the advantage of 
not only controlling H2S, but also abating other produced 
noncondensable gases, including the emission of co,. (C02 is the 
gas considered most responsible for the "greenhouse effect," the 
accelerated warming of the earth's atmosphere due to increased 
absorption of infrared radiation.) 
During start-up and extended periods of operation below 
50 percent of rated capacity, water may be needed to maintain 
injection flow and to provide a sufficient quantity of fluid to 
absorb the noncondensable gases. Maximum requirements are 
estimated at 500 gallons per minute, which could be supplied by 
one or two wells developed near the plant site. PGV is still 
evaluating the need for this supplementary water, which will 
depend on the final design of the injection system. No 
additional water will be needed during normal operation. 
To ensure high reliability of the geothermal fluids injection 
system, each major component of the system will be backed by a 
spare. A spare fluid pump, a spare noncondensable gases 
compressor, and a spare geothermal injection well will be 
provided. However, in the unlikely event of an upset in the 
injection system, the brine will pass through the rock mufflers, 
where it will be flashed, and then sent to the holding pond. 
Complete failure of the injection system would cause the entire 
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power plant to go off line, and steam would be released through 
the steam release facility. Since the brine will be routed 
through the other rock muffler at atmospheric pressure, the gases 
released from the brine can be treated, and negligible H2S 
emissions are expected from the holding pond. 
3.2.2.3.Steam Release Facility 
The steam release facility will be used to release steam and 
treated noncondensable gases to the atmosphere under certain 
relatively uncommon upset conditions. Under most upset 
conditions of the power plant generating units, such as a steam 
turbine trip or OEC unit failure, the steam flow from the 
wellfield (reduced as necessary) will bypass the effected unit or 
units and the remainder of the steam turbines and OEC units will 
continue operating (see Section 3.2.2.1.2). Only if there were a 
failure of the electrical transmission line(s) out of the power 
plant (or some incident, such as an electrical outage, occurred 
that tripped all the steam turbines and the OEC units), or there 
were a complete upset of the geothermal fluid injection system 
(which is extremely unlikely, for all the reasons presented in 
Section 3.2.1.7), or if pressure in the steam lines exceeded 
design set points (which would release excess steam through 
safety relief valves) would steam be released through the steam 
release facility. over a period of up to four (4) hours, the 
flow from the geothermal wells would be reduced gradually to 
about fifty (50) percent, the minimum flow determined appropriate 
to maintain well temperatures. After reduction, not more than 
about 285,000 lbjhr steam (fifty (50) percent of full flow) would 
continue to be released through the steam release facility until 
the power plant could recommence operations. 
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The steam release facility will consist principally of two rock 
mufflers installed near the power plant site. The rock mufflers 
will be constructed of heat-resistant reinforced concrete or 
other appropriate material and filled with lava rock. The 
mufflers are designed to dissipate the steam's acoustic energy, 
thereby reducing the noise associated with a steam release. Each 
muffler will be designed to handle 570,000 lbjhr steam, which is 
100 percent of the maximum total plant steam flow. (If the 
valves to the emergency steam release facility failed to operate, 
the steam would be released through relief valves in the steam 
gathering lines, which will be set at slightly higher pressure 
points.) 
Prior to entering the steam release facility, the steam will be 
treated with NaOH and water to remove the majority of the H2S. 
The effective reactions are: 
H2S + NaOH ++ NaHS + H20 
H2S + 2NaOH ++ Na2S + 2H20 
Based upon state-of-the art rock muffler design and current 
experience, 96 percent removal of the H2S is anticipated from the 
NaOH treatment system. After the 50-percent reduction in steam 
flow, effective H2S control will be 98 percent. Storage tanks 
will be provided at the power plant site for the NaOH. Injection 
pumps will meter the NaOH injected into the steam line. 
3.2.2.4.Electrical Systems 
The power plant will contain several electrical systems. The 
major electrical equipment includes the main power, auxiliary, 
station service, and current and potential transformers; 
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generator circuit breakers; high-voltage switchgear; load 
centers; motor control centers; and station batteries. 
The power from each 13.8 kV generator will be fed to the 13.8 kV 
busbars, with a switchgear for each generator. Each 13.8 kV 
busbar will be connected to a 13.8/69 kV step-up transformer and 
power will be fed into the HELCO switching and metering yard at a 
voltage of 69 kV. The 13.8 kV/480 V step down transformers will 
supply 480 V power for all the power plant internal requirements 
and for the auxiliary systems. 
A 250 kW diesel-generator unit will be installed at the plant 
site to produce power for essential electrical services at the 
PGV site under emergency conditions, if needed, as well as to 
enable cold start-up of one OEC unit without external power. The 
power that would be generated from the diesel-generator would be 
sufficient to cold start-up and, at the same time, support one 
air compressor; the battery chargers; the heating, ventilating, 
and air conditioning (HVAC) system; control room systems; steam 
release facility H2S abatement system; and emergency lighting. 
The 250 kW standby generator is not expected to operate more than 
so hours a year, based on two 24-hour transmission line outages. 
This estimate assumes that at least one steam turbine/OEC module 
will be able to operate under other steam release situations. 
3.2.2.S.Contro1 Systems 
The control system consists of three control subsystems: 
- The wellhead control subsystem; 
- The OEC control subsystem; and 
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- The power plant control subsystem. 
3.2.2.S.l.Wellhead control Subsystem 
The wellhead control subsystem includes the individual wellheads, 
the wellpads, the gathering systems and the emergency steam 
release facility. 
All wellheads will be equipped with temperature and pressure 
gauges on the well casing below the master valves. Flow from 
each wellhead will be regulated manually. The steam flow leaving 
each wellpad will be measured. Control valves at the steam 
release facility will have air-piston operators that respond 
automatically to signals from the plant control room or upon 
sensing over-pressure in the steam pipeline. The H2S abatement 
system at the steam release facility will operate automatically 
when steam is released through the rock mufflers. 
3.2.2.5.2.0EC Control Subsystem 
The OEC control, housed in an individual OEC control shelter 
located adjacent to each OEC module, will control both the steam 
turbines and the OEC units. 
A programmable controller will be used to record, process, and 
signal steam and working fluid pressures, voltage levels, speed, 
kilowatt output, and current of each OEC unit as well as its 
steam turbine unit. The programmable controller provides 
diagnostic as well as control functions and will allow the 
operator to isolate an individual unit for testing or repairs and 
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then automatically restart it after the failure condition has 
been rectified. 
The individual OEC control shed will also house the high power, 
high voltage components of the OEC units including the circuit 
breakers, magnetic contacts, fuses, transformers, power 
capacitors, metering instruments, overload, short circuit 
asymmetry, and reverse power protective devices. 
J.2.2.S.J.Power Plant control 
The entire power plant is designed with a computerized automatic 
control system that will require a minimum number of personnel to 
operate the plant. The plant operators will monitor the plant 
during operation from the main control room, with regular onsite 
monitoring of all equipment. Individual and plant-wide control 
systems will operate automatically to prevent injuries to plant 
personnel or equipment and to protect public health and safety. 
Standby equipment will start automatically to avoid tripping a 
turbine unit during normal operations. Monitoring data will be 
logged and stored in the programmable controller. Information 
and control signals from the individual OEC controllers will be 
recorded and controlled from the main power plant control room. 
J.2.2.6.Auxiliary systems 
The primary auxiliary systems will be the compressed air system, 
HVAC system, service water system, and fire protection system. 
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3.2.2.6.1.Compressed Air System 
Compressed air is required for instrumentation, control, and 
plant maintenance (service air) requirements. Compressed air at 
100 psig is distributed throughout the plant from a central 
compression system that includes air compressors, desiccant-type 
dryers, and dry-air storage tanks. 
3.2.2.6.2.HVAC systems 
Air conditioning will be provided for the electrical equipment 
and control room. The system will be designed to prevent heat 
buildup and maintain a positive pressure in the rooms. The air 
conditioning will include a sealed refrigeration system and coil, 
outside air supply duct, and an air distribution fan. 
3.2.2.6.3.Fire Protection system 
The fire protection system will be designed in accordance with 
applicable National Fire Protection Association (NFPA) and Hawaii 
state standards and will include the following: 
- Fire protection water supplies, pumps and controllers, yard 
mains, hydrants, and valves. 
- An automatic wet pipe and fusible link sprinkler system or 
C02 or Halon equipment in the control room. 
- Automatic fire protection system for electrical systems. 
- Portable extinguishers with backup water hoses in the 
control room. 
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A water tank will be the primary source of water for fire 
suppression. The volume of the storage tank will be adequate for 
storing the quantity required according to local regulations, 
NFPA standards and insurance company requirements. The 315 hp 
firewater pumps will be diesel driven. Hose stations will be 
strategically positioned in the plant. 
The control room, motor control center, and electrical equipment 
rooms will be protected with an automatic fire protection system. 
C02 or Halon fire extinguishing equipment may be used in these 
areas to prevent water damage. 
would also be installed in the 
If C02 is selected, water hoses 
event that the C02 fails to 
extinguish the fire. Portable extinguishers will also be 
provided in the control room. 
3.2.2.6.4.Service and supplemental Water 
Service water will be used for general purpose cleaning and 
maintenance of the power plant. A 2,000-gallon (approximately) 
tank will provide the service water for the facility. 
supplemental water may need to be added to the fluid injection 
system during periods of operation at low-load or during start-up 
to ensure maintenance of the water column in the injection 
system, which is necessary for proper operation of the gas 
control system. Up to 500 gpm will be obtained from one or two 
onsite wells, drawing water from the geothermally influenced 
groundwater below 600 feet. 
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3.2.3.Power Plant Structures and Facilities 
3.2.3.1.Buildings 
There will be one main building for the central control room, 
offices, warehouse, workshop, air compression system and the 
emergency generator (see Figure 3-13 and Figure 3-15). The 
structural steel side walls and roof framing are covered with 
metal siding and roofing. The structure will be painted to blend 
with the surrounding area. In addition, there will be ten 
shelters for the OEC units and another storage shed for the heavy 
equipment. 
3.2.3.2.Structural Design 
All major structures are of steel frame construction. The 
structures and major equipment rest on footings. Minor equipment 
is placed on slab floors or mounted on walls. Anchors will 
secure all equipment to foundations, mounting pads, or surfaces. 
All major structures, foundations, and footings will be designed 
to support all applicable loads and will be designed for Seismic 
Zone 4 requirements. 
3.2.3.3.Foundation Design 
The steam turbines reinforced-concrete, OEC units, and air 
coolers will each sit on reinforced-concrete foundations. The 
outdoor electrical transformers will be mounted on concrete 
foundations. 
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3.2.3.4.Site Drainage Facilities 
The high porosity of the volcanic soils and rock in the site area 
results in rapid downward percolation of rainwater. Concrete 
pads and berms are provided to contain possible spills in areas 
where chemicals are handled. Catch basins, culverts, ditches, 
and berms are provided for drainage control where necessary. 
3.2.3.S.Chemical Storage Facilities 
The only hazardous chemicals used in significant quantities will 
be isopentane and caustic soda (NaOH). 
Isopentane is a colorless liquid that vaporizes at 82'F. It is 
not toxic or corrosive, but is flammable at concentrations 
between 1.4 percent and 8.0 percent (volume) in air. Isopentane 
is similar to propane (bottled gas), which is used for heating 
and cooking in many rural locations, but is much less hazardous 
than propane because of its higher boiling point and lower vapor 
pressure. 
Each OEC unit will contain approximately 7,500 pounds of 
isopentane. Additional isopentane, as much as 10,000 pounds, 
will be stored onsite in two tanks which also have sufficient 
capacity to receive the entire isopentane contents of an OEC 
unit. The tanks will have a design temperature of 250'F and 
design pressure of 150 psig. Working fluid pumps will be used to 
transfer isopentane to and from the tanks to recharge the systems 
or remove the isopentane from OEC units requiring maintenance. 
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To reduce the possibility of isopentane presence in flammable 
concentrations at ground level due to release from one or more of 
the safety relief valves located at the OEC heat exchangers, each 
relief valve is furnished with a pipe, releasing to the 
atmosphere eight (8) feet above the air coolers, which is the 
highest point in the plant. This release height is in 
conformance with API and NFPA safety standards for this gas. 
Caustic soda (NaOH) is a corrosive material that is toxic if 
ingested and can cause skin and eye irritation upon contact. It 
' 
is soluble in water and used in households as a cleaning agent. 
NaOH will be delivered to the site as a 50-percent solution and 
stored in two tanks: one with a 50-percent solution as 
delivered, and the other with a 10-percent solution, diluted for 
use in the abatement system. 
Secondary containment structures such as dikes or berms will be 
constructed around the NaOH storage tanks. These tanks will be 
segregated by distance from any incompatible materials. 
Applicable federal regulations (e.g. OSHA and EPA) and Hawaii 
regulations (e.g. DOSH and DOH) will be incorporated into 
procedures and standard policies of the facility. Applicable 
Department of Transportation (DOT) regulations (Title 49 CFR, 
Sections 171-178) will be incorporated into the procedures for 
delivery of any hazardous materials used on site. 
3.2.3.6.Fencinq 
A six-foot-high chain-link fence will be installed around the 
power plant site boundary and each of the wellpads. A gate at 
each entrance to the sites will restrict unauthorized access. 
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3.2.4.Construction 
Site construction presents employment opportunities for skilled 
and unskilled labor. An average of approximately 23 people will 
be needed throughout the construction period. Estimated peak 
construction employment at the site is expected to be 100 
persons. Most of the construction work is anticipated to be 
accomplished by local contractors and the local labor force. 
Site construction activities (other than geothermal well 
drilling) will be restricted as much as possible to daylight 
hours. 
A temporary construction yard of about 5 acres will be located 
next to the main entrance road to the plant, off Highway 132 (see 
Figure 3-16). The construction yard will be used for the 
temporary storage of construction materials and fabrication of 
some project components. The construction yard will be fenced 
and will contain several temporary structures (trailers, 
buildings and sheds). 
Water will be used as necessary to control fugitive dust produced 
by construction activities. Dust is not expected to be a serious 
concern at Puna, which receives an average of 120 inches of 
rainfall a year. 
Visual impacts created by construction of the project will be 
mitigated by use of low-contrast paint schemes and landscaping 
with native plants (see Section 3.3). cut-and-fill slopes, as 
well as any uncovered level areas, will be seeded or planted with 
native vegetation when construction is complete. Landscaping 
will be performed around the wellpad and power plant, and paint 
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schemes will be used to blend in structures with the surrounding 
environment. 
Removal of all the temporary structures from the construction 
yard site, the fence surrounding the site and surplus materials 
will take place after construction is completed and the full 
project has commenced commercial operation. Growth of natural 
plants will then be encouraged. 
3.2.5.0peration and Maintenance 
The operational life of the PGV Project facilities is estimated 
to be 35 years. The power plant and wellfield will be operated 
in a manner that protects human health and the environment. The 
facility staff will operate equipment, oversee production, and 
respond to emergencies. An important part of the operational 
phase of the project is regular maintenance and monitoring of 
both the power plant and the wellfield. Monitoring is discussed 
in Section 3.12 of this document. 
Approximately 19 employees will be required for ongoing operation 
and maintenance of the facility. Most of the employees will be 
local residents. 
The power plant and wellfield will operate continuously 24 hours 
per day, seven days per week. Qualified operators will be onsite 
at all times when the plant is operating. Routine maintenance 
will be conducted by workers during the normal daytime work 
shift. If repair work is required because of reduced power 
generation because of malfunction of part of the power plant, the 
maintenance work will continue 24 hours per day, seven days per 
week, until full power output can be resumed. 
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Wellfield maintenance will generally be performed without 
shutting off the flow of steam from any well. When this action 
cannot be taken or is unsafe, maintenance work for the wellfield 
will be phased so that the fewest possible number of wells will 
be closed down (shut in), and those wells will be shut in for a 
minimum time. Remedial drilling of a well, called well workover, 
is typically needed for proper wellfield maintenance. Well 
workovers are anticipated every 2 to 5 years for each well. 
Scheduled power plant maintenance will be conducted for each 
steam turbine generating unit at intervals of one to two years, 
as needed. Thorough maintenance procedures, such as turbine 
disassembly and inspection, will be conducted during these 
planned outages. Because the plant output will be reduced during 
this scheduled maintenance, they will be coordinated with HELCO 
to ensure the maintenance of a reliable power system. 
Appropriately sized maintenance crews will be engaged around the 
clock, seven days per week, during this time. Work crews will 
work 8- to 12-hour shifts. 
3.2.6.Plant start-Up and Shutdown 
The modular nature of the power plant allows a gradual start-up 
process as relatively small increments of power are synchronized 
to the grid, one at a time. The total process is relatively 
rapid due to the small moment of inertia and small volume to be 
heated during each step of the start-up process. 
As start-up after a complete plant shut down begins, wellfield 
production will be 50 percent of the full steam flow, which will 
be released through the rock muffler. The power generation 
modules will enter production gradually, following the sequence 
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outlined below, and the flow to the rock mufflers will be reduced 
gradually until the power generating units are able to receive 
the so percent steam production. 
The start-up of the generating modules typically begins with 
energizing the auxiliary systems needed for starting one OEC 
unit. These auxiliary systems include the air compressor, OEC 
lube and sealing oil pumps, condenser fans for one OEC unit, and 
working fluid circulation pump. The power for the auxiliary 
systems can be supplied either from the 250 kW diesel generator 
or from the utility grid. 
To start an OEC unit, the steam turbine bypass will be opened, 
and the steam gradually let into the OEC vaporizer until it 
reaches full flow. After the start-up and synchronization of the 
first OEC unit, the power plant will supply its own power and 
also supply power to the grid. As more OEC units are started and 
synchronized, the wells will be opened up to allow more steam to 
flow from the wellfield. 
The steam turbine paired with each OEC unit can be started as 
soon as its OEC unit is in operation. The steam will be 
gradually introduced into the steam turbines and increased until 
full-load steam turbine operation is achieved. 
Shutdown of each OECjsteam turbine module will be handled in 
reverse order, i.e. first the steam flow to the steam turbine is 
gradually reduced while the steam turbine bypass is gradually 
opened. After the steam turbine is shut down, the steam to the 
OEC unit is gradually closed. When a complete shutdown plant is 
planned, the steam valve to the emergency steam release rock 
muffler will be opened gradually as the steam flow is reduced to 
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about 50 percent of the design flow. Finally, either the diesel 
generator or the utility grid will be supplying the power to the 
auxiliaries after the last OEC unit has been shutdown. 
Shutting down wells and returning them to service is generally 
minimized in geothermal operations around the world because it 
can cause damage to the wells and/or reduce their expected life. 
3.2.7.Decommissioning 
Decommissioning refers to the proper abandonment of the wellfield 
and removal of structures and equipment at the end of the useful 
life of the project. Economic and resource conditions will 
dictate when the facility should be decommissioned. The 
following steps will be taken during decommissioning: 
- Structures and piping will be removed. 
- Wells will be plugged with cement in accordance with 
procedures contained in the DLNR well drilling permits and 
regulations. 
- Wellhead equipment and casing will be removed to below 
grade and the well casing capped. 
- Roadways will be abandoned to the extent agreed upon with 
the landowner. 
- The site will be regraded to approximate original contours, 
and the project area will be seeded or planted with natural 
vegetation, as appropriate. 
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J.J.Plot and site Plans 
This subsection provides "a preliminary plot or site plan of the 
property, drawn to scale, showing all existing and proposed uses 
and locations of structures including, but not limited to, 
drilling sites, wells, access roadways, water sources, waste 
water collection and disposal systems, the geothermal steam 
andjor brine collection and disposal systems, power plant(s) and 
electrical power distribution systems," as required by 
Rule 12.3(b)(2) part (C). 
Preliminary site plans for 
Figure 2-2 and Figure 3-4. 
the PGV Project area are 
The layout of a typical 
presented in 
geothermal 
wellpad during drilling operations is presented in Figure 3-7, 
and that of a typical wellpad after completion of drilling, 
during normal operation, is shown in Figure 3-5. A plot plan 
showing the general arrangement of the PGV Project power plant 
site is presented in Figure 3-13. During construction of the 
power plant and wellfield, temporary working areas will be used 
for storage and fabrication of materials and equipment and for 
the construction administration offices, as shown in Figure 3-16. 
As described in Section 3.2, these plans depict existing and 
proposed uses and locations of structures including access roads, 
wellpads, collection and disposal systems, power plant, and 
electrical power distribution systems. Potable water will be 
supplied by the county system or a rain-catchment system. The 
intertie between the power plant and the electrical switchyard is 
also shown on the site plans. 
As described in Section 3.2.1.1, all wells will be drilled from 
one of the six proposed wellpads, on an as-needed basis. The 
specific drilling target and wellpad location for each well will 
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be identified in the drilling permit applications which are 
required by the Department of Land and Natural Resources (DLNR). 
3.3.l.Visibility Criteria Used in Siting the Facilities 
Visual concerns were an important criteria in choosing the 
location of the power plant and wellpads. The layout of the 
facility is designed to minimize the amount of land required for 
clearing. cut-and-fill slopes will be engineered to minimize the 
visual impacts created by clearing and grading activities, so 
that the transition to the surrounding terrain appears more 
natural. 
As discussed in Section 3.4, all proposed power plant facilities 
will be low-profile structures. None of the proposed structures 
will exceed 24 feet in height, with the exception of the ten 
14-inch diameter isopentane emergency vent stacks which rise 
approximately eight feet above the air coolers. Similarly, all 
project lighting will be shielded from the direction of potential 
offsite visual receptors. 
3.3.2.Site Landscaping 
Landscaping will be installed around the power plant and wellpads 
to screen the industrial structures and equipment from view. The 
choice of vegetation will take into account the species' height 
and camouflaging ability. For compatibility, native plants will 
be used to the extent feasible. Almost all of the undeveloped 
lots in the surrounding subdivisions are densely forested and a 
vegetation screen can be left when they are developed. 
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Facility structures, including pipelines, will either be painted 
to blend into the surrounding environment or constructed of such 
material that their surface textures will blend in with 
surrounding vegetation. Dark green or dark gray colors will be 
used, depending on background vegetation and rocks. Reflective 
metal surfaces will be coated or screened with solid fencing. 
Once planted landscaping matures, the vegetation will effectively 
screen the proposed plant structures. 
3.4. Elevation of structures 
This subsection provides "preliminary elevation drawings of the 
proposed temporary and permanent structures," as required by 
Rule 12.3(b)(2) part (D). 
Figure 3-7 is a view of a typical geothermal drilling rig during 
drilling operations, which shows the rig floor, derrick, 
drawworks, trailers and other equipment necessary for the 
drilling of each well. As stated in Section 3.2.1.3, each well 
will require, on average, approximately 45 days to drill, after 
which the drill rig will be moved to the next well, either on the 
same or another wellpad. During approximately the first two 
years after the start of construction, the drill rig will be in 
almost constant use. once all the wells required for initial 
operation of the full 25 MW project are drilled, the drill rig 
will be utilized only for drilling makeup wells and well 
workovers, and when not in use will either be removed from the 
project area or stored onsite with the derrick retracted. 
Figure 3-15 provides preliminary elevation drawings of the 
principal PGV Project power plant facility structures. The 
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locations of the structures were identified in the site plan 
(Figure 2-2) and the power plant general arrangement 
(Figure 3-13). Preliminary dimensions and elevations of the main 
structures shown in the preliminary elevation drawing are also 
listed in Table 3-6. Detailed elevation ~rawings will be 
developed during the final engineering and design phase of the 
PGV Project. Figure 3-17 gives preliminary elevation drawings of 
the temporary structures which will erected during construction, 
as shown in Figure 3-16. 
Table 3-6. Preliminary Dimensions of Principal Project 
Structures 
Length Width Height' 
structure (feet) (feet) (feet) 
Turbine Building (W/ switch gear) 130 30 24 
Air Coolers 5 X 56 60 24 
Control and Maintenance Building 170 40 20 
Transformer 10 8 15 
Standby Generator/Shed 25 20 15 
Moisture Separators 6 dia 20 
Brine Flash Separator 6 dia 12 
Condensate Drum (horizontal) 10 6 dia 6 
water Tank 50 dia 24 
NaOH Tank (10%) 25 dia 22 
NaOH Tank (50%) (horizontal) 25 10 dia 10 
Rock Mufflers 14 dia 14 
Fence 6 
Isopentane Tank (2 units) 30 7 dia 11 
Isopentane Vent Stack (10 units) 14 inch 32 
OEC Electrical Room (10 units) 20 12 10 
OEC Unit (each) 40 8 12 
OEC Vaporizer 46 4.5 dia 6 
Well pads 300 400 1 
Wellheads 10 10 0 
Switch yard 150 150 10 
'Elevations above grade 
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Figure 3-17. Preliminary Elevation Drawings of the Temporary 
Structures 
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An artist's rendering of the proposed PGV Project power plant and 
the immediately adjacent wellpad, which will show approximately 
how these facilities will appear once constructed, is currently 
under development. By utilizing smaller steam turbines, OEC 
units, and air coolers instead of cooling towers, the revised PGV 
Project will have a substantially lower profile (approximately 
24 feet) than the previously proposed PGV Project (approximately 
36 feet), and will not produce any water vapor plumes which would 
rise above the plant. To assist in the visualization of how the 
power plant will look, Appendix C provides photographs of other 
geothermal power plants which utilize OEC units as the principal 
generation units, some of which are also air cooled. Although 
the PGV Project power plant, like most other power plants, will 
have a unique design to accommodate the specifics of its 
location, geothermal resource, etc., the photographs of the power 
plants shown in Appendix c can be used to help envision what the 
PGV Project power plant will look like. 
J.S.Wellhead structures and Wellcasing Program 
Rule l2.3(b) (2) part (E) requires a discussion of "the proposed 
locations and elevations and depths of all superstructures and 
drilling rigs, bottom hole locations, casing program, proposed 
well completion program, size and shape of drilling sites, and 
location of all existing and proposed access roads." 
The proposed locations of the wellpads, the wellpad 
superstructures, the well completion program, the casing 
program,and the 
Section 3.2.1. 
location of the access roads are all presented in 
A detailed description of the proposed drilling 
and casing program is presented in Appendix B. 
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3.6.Surface Disturbance 
This subsection discusses "areas of potential temporary and/or 
permanent surface disturbance, including, but not limited to, 
excavation and grading sites, the location of camp sites, 
airstrips, and other support facilities, excavation and borrow 
pits for roads and other construction activities," as required by 
Rule 12.3 (b) (2) part (F). 
About 6 percent of the 500-acre project area will be disturbed by 
the PGV Project. Approximately 24.5 surface acres will be 
required for the power plant, six wellpads, access roads, piping 
routes, switch yard, and brine pond. Another 5 acres will be 
used as a temporary construction yard. Nine of the acres have 
been cleared, and two more acres do not need clearing because 
they are covered with barren lava flow. 
Most of the project area is relatively level, recently cultivated 
land or lava flows, and little grading will be required. Two 
wellpads, approximately four acres total, have already been 
graded, leaving 20.5 acres to be graded. The areas that will be 
disturbed are immediately around the power plant structures, the 
wellpads, along the piping routes, within the temporary 
construction yard, within the switchyard, and along the new 
access road off of Highway 132. The graded areas will be 
comparable in size to those created when homes are constructed in 
nearby subdivisions and far smaller than those associated with 
existing agricultural activities. A grading plan for each area 
will be submitted to the county prior to construction. 
All construction materials and equipment will be kept within the 
graded areas or on internal roads within the project's 
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boundaries. Adequate space is available onsite to use as a 
staging area for the construction. No offsite construction yards 
or bases are anticipated. 
3.7.Disposal of Well Effluent and Other wastes 
This subsection provides "a written description of the methods 
for disposing of well effluent and other wastes," as required by 
Rule 12.3(b) (2) part (G). 
Produced geothermal brines, steam condensate, and noncondensable 
gases will be disposed of through injection into the geothermal 
reservoir. Injection is essentially a closed loop disposal 
system since all geothermal fluids are returned to the geothermal 
reservoir. The injection system is discussed in further detail 
in Section 3.2.1.7, and the noncondensable gas control system, 
which feeds into the injection system, is discussed in 
Section 3.2.2.2. 
The proposed project will also generate less than 200 gallons of 
domestic wastewater per day. Sewage disposal in the Puna 
District is by means of individual cesspools and septic systems. 
Current plans are to dispose of domestic wastewater onsite in 
cesspools. These cesspools are expected to perform 
satisfactorily due to the highly porous nature of the soils and 
underlying rock. Portable toilets may also be used during peak 
construction periods. No public drinking water sources would be 
affected by the proposed system. 
3-70 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
3.8.Geo1ogic Report 
This subsection discusses "a geologist's report on the site and 
surrounding area's surface and subsurface geology, nature and 
occurrence of known or potential geological hazards and 
geothermal resources, surface and groundwater resources, 
topographic features of the land, and drainage patterns" as 
requested in Rule 12.3(b) (2) part (H). 
As stated above in Section 3.2.1.1., the PGV Project area is 
located in a geologic region known as the Lower East Rift Zone 
(LERZ), found on the eastern flank of Kilauea Volcano. Kilauea 
is one of the world's most active volcanoes, and the LERZ is a 
conduit for lateral migration of basaltic magma flowing 
east-northeast from the caldera at the summit. The magma in this 
subsurface conduit provides the heat source for the 
high-temperature Puna geothermal reservoir, which in turn affects 
the groundwater resources in the area. The volcanic nature of 
the region requires consideration of the risks associated with 
volcanic eruptions, lava flows, and faulting. 
Beneath the surface features of the LERZ, at depths below 
8,000 feet, is thought to be a 5- to 15-mile wide dike complex, 
where temperatures approach 1,900'F, the melting point of basalt. 
A secondary magma chamber is thought to be located within the 
LERZ beneath the geothermal reservoir. The series of dikes 
convey heat to the high-temperature geothermal reservoir, a 
system of vertical to near-vertical fractures which contains, a . 
two-phase geothermal resource with temperatures as high as _600'F 
below 4,000 feet. overlying the high-temperature geothermal 
reservoir is a relatively impermeable layer of capping rock, 
generally at depths of between 4,000 and 2,500 feet below the 
surface, although both the upper and lower boundaries of the 
3-71 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
caprock are variable and dependent upon the local permeability 
(fractures). Figure 3-2 depicts a conceptual model of this Puna 
geothermal reservoir. 
A zone of vigorous groundwater flow extends from the top of the 
generally impermeable caprock to the water table, approximately 
600 feet below the surface. The groundwater in this upper 
aquifer is thermally and chemically influenced by natural leakage 
of geothermal fluids through the caprock from the geothermal 
reservoir below. The groundwater regime is charged by rainwater; 
as much as 120 inches a year fall at the site and percolate 
downward through the porous volcanic soil and rock. The dikes 
and faults of the LERZ affect the flow of this groundwater; 
natural leakage of geothermal fluids from the geothermal 
reservoir affects its quality. Sampled groundwaters in the site 
area, near where the fault traverses the LERZ, have temperatures 
ranging from 100 to 199"F, chloride-to-magnesium (Cl/Mg) ratios 
of 18 to 2000, silica content of 24 to 105 ppm, and total 
dissolved solids (TDS) concentrations of 762 to 11,700 ppm. This 
chemical signature led Ivonetti to classify the groundwater 
waters in this region as "geothermal." Upwelling "geothermal" 
waters form two plumes, one flowing parallel to the rift to form 
a mixed groundwater region at Kapoho Crater, the other forming a 
broad plume that follows topography, discharging as warm springs 
and seeps along the Puna coast. 
The proposed project must be designed for volcanic and seismic 
hazards. Since the area has been subject to lava flows as 
recently as 1955, 1960, and 1961, the risks of renewed flows was 
considered in siting the proposed facilities. The power plant 
site is on relatively high ground (elevation 670 feet), 
approximately 40 feet above the surrounding terrain at the 
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southern base of Puu Honuaula and the adjacent puu, which places 
it at a relatively low risk of inundation from uprift lava flows 
(see Figure 3-18). Wellpads B, c, and 0 are at higher elevations 
(680 to 720 feet), and thus lower risk, while the wellpads to the 
southwest, Wellpads A, E, and F, are at elevations of 620 to 
640 feet, which place them at higher risk. All the geothermal 
wellheads will be placed in cellars that can be readily filled 
with volcanic cinders to reduce the chances of structural failure 
in the event of a lava flow. The other facilities will be 
designed to be isolated as much as possible andjor removed or 
abandoned in the event they are seriously threatened by a flow 
capable of inundation. Close coordination with the u.s. Geologic 
Survey and the Hawaii Institute of Geophysics will ensure as 
early a warning of anticipated volcanic activity as possible. 
Volcanic and tectonic activity also poses risks of fissuring, 
ground acceleration, surface deformation, and subsidence. The 
maximum anticipated ground acceleration is 0.4 g, and the 
proposed facilities will be designed for movements in excess of 
this, in conformance with Seismic Zone 4 requirements. The steam 
and brine pipelines will be designed with expansion loops to 
accommodate thermal stress, which may also minimize the effects 
of fissuring, subsidence, and ground swelling which could occur 
in the project area. 
The withdrawal of geothermal fluids is not likely to induce 
subsidence because the geothermal reservoir consists of dense, 
structurally competent basalts which resist compaction. In 
addition, because all geothermal fluids will be injected back 
into the geothermal reservoir, there will be no significant 
reductions of reservoir pressure. The injection of fluids into 
the geothermal reservoir may have the possibility of increasing 
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Figure 3-18. Puu Honuaula Area Volcanic Risk Levels 
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microseismic activity, but the possible levels of induced 
activity are significantly less than currently experienced in the 
area, which is one of the most seismically active regions in the 
world. 
3.9.Backqround Meteoroloqy, Air Quality and Noise Levels 
This subsection presents "pre-exploration meteorological ambient 
air quality and noise level measurements that demonstrate the 
potential effects on surrounding properties through air quality 
and noise analysis," as required by Rule 12.3(a) (2) part (I). 
Preconstruction site meteorology, ambient air quality, and noise 
level measurements have previously been taken in the project area 
to provide the basis for air quality and noise level impact 
analysis. PGV has conducted meteorology and air quality 
monitoring studies in the Puna region since 1981. An 
environmental noise survey was conducted at the PGV site during 
early September 1986. 
The assessment of the effects of the emissions of H2S and 
particulates from the proposed PGV Project wellfield and the 
proposed PGV Project power plant on the local ambient air quality 
involves a comparison of the estimated impacts with the proposed 
Hawaii state Ambient Air Quality Standard (SAAQS) for H2S, the 
existing SAAQS for total suspended particulates (TSP), and the 
National Ambient Air Quality Standard (NAAQS) for particulates 
less than 10 microns in diameter (PM,0). 
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3.9.l.Meteorology 
PGV has conducted comprehensive meteorology monitoring studies of 
the "Woods" site (1.1 miles northwest of the power plant site) 
since April 1982 (see Figure 3-19). PGV also analyzed annual 
wind speed distribution data at the "Woods" site for the period 
October 1982 through September 1983 and these data were used in 
the air dispersion modeling. These data show that the prevailing 
wind flow is from the west during the nighttime and from the 
north to nor~heast during the daytime. The nighttime westerly 
winds shown derive from downslope flows due to thermal gradients 
on adjacent terrain while the north-to-northeast daytime winds 
derive from the trade wind flow. 
3.9.2.Air Quality 
3.9.2.l.Background Air Quality 
An H,S air quality data base is available to establish the 
background air quality for the area surrounding the project. The 
ambient monitoring stations are shown in Figure 3-19 and are 
described below: 
- The "Schroeder" site is located approximately 1.3 miles 
(2 km) south-southwest of the HGP-A well site. H,S ambient 
monitoring began in March 1981. This was the first H2S 
monitoring site to be established; 
- The "Hess" site is located approximately 1.3 miles (2 km) 
southwest of the HGP-A well site. This station began H,S 
monitoring in July 1982, and was discontinued in January 
1984; 
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The "Gilman" site is located approximately 0.6 miles (1 km) 
west of the HGP-A well site. Monitoring began in 1981 with 
comprehensive data retrieval in April 1982; and 
- The "Woods" site is located approximately 1.1 miles 
(1.7 km) north of the HGP-A well site. Monitoring began in 
1981 with comprehensive data retrieval in April 1982. 
NEA, Inc. and Alpha Micro Systems, Inc. have recorded ambient H2S 
concentrations for the Hawaii Department of Planning and Economic 
Development (Dames & Moore, 1984). Data collected and reported 
through 1983 for the "Schroeder", "Gilman", and "Hess" sites and 
through June 1987 for the "Woods" site are shown .in Table 3-7. 
These data indicate that H,S ambient levels are below 14 ~g;m' 
(0.010 ppmv) from all stations over the past six years about 
98 percent of the time. The highest H,S levels were 67.2 ~gjm' 
(0.048 ppmv) at the "Schroeder" site in the early 1980s. This 
site is located southwest of the HGP-A well site. 
Data for 1988 from three stations, "Gilman," "Schroeder," and 
"Woods," are also included in Table 3-7. These data show the 
current ambient air quality and reflect the present level of 
abatement on the 3 MW HGP-A project. The average concentration 
of all three air quality stations in 1988 was 3.5 ~g;m' 
(0.003 ppmv), which is at or below the detection limit of the 
monitoring equipment. In 1988, only two hours exceeded 14 ~gjm' 
(0.010 ppmv), one of which represents a reading during a period 
of HGP-A H,S equipment malfunction. Higher levels were recorded 
at the "Fenceline" station at the HGP-A boundary. The 1988 
"Fenceline" data showed an average concentration· of 11 ~g/m' 
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Table 3-7.Summary of H,S Air Quality Monitoring Data 
"Woods"' "Gilman"' "Schroeder"' "Hess" 1 
2nd 2nd 2nd 2nd 
Time Highest Highest Highest Highest Highest Highest Highest Highest 
lug/m3 l lug/m3 l lug/m3 l lug/m3 l lug/m3 l lug/m3 l lug/m3 l lug/m3 l 
March 1981-
June 1987 
22 21 29 22 67 29 19 7 
January 1988 
-
December 1988 
19 7 22 10 9 9 N/A N/A 
'Locations of the air quality monitoring sites are presented in 
Figure 3-19. 
(0.008 ppmv), with the two highest hourly readings being 25 ~g/m3 
(0.018 ppmv) and 24 ~gjm3 (0.017 ppmv). These H2S ambient levels 
can be compared with the proposed ambient 1-hour standard of 
139 ~g/m3 (0.1 ppmv). 
TSP has been monitored using high volume samplers at two 
locations in Puna. The first location is the Bishop Estate 
Leasehold, about 3 miles southwest of the power-plant site; the 
second is the visitor center of the Hawaii Volcanoes National 
Park about 13.2 miles northwest of the power plant site. Data 
from the Bishop Estate Leasehold showed that the 14 biweekly 
samples between December 1982 and March 1983 averaged a 24-hour 
TSP level at 20 ~g/m3 • The highest value at the visitor center 
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was 39 IJ.gjm3 • 
average SAAQS 
These TSP values can be compared to the 24-hour 
of 150 IJ.g/m' 
PM, 0 has been monitored at the Hawaii Volcanoes National Park 
since March 1988. Data from 29 samples collected between March 
1988 and August 1988 showed a 24-hour average PM10 concentration 
of 7. 5 iJ.g/m', with the two highest values 27. 1 IJ.g/m' and 
16.9 IJ.g/m'. These values can be compared to the federal 24-hour 
PM10 NAAQS of 150 IJ.g/m'. 
3.9.2.2.Air Quality Impact Analysis 
The air quality impact analysis considers wellfield sources, 
power plant sources, and combined sources. Impacts of H2S and 
particulate emissions from the Puna geothermal plant were 
assessed using the EPA dispersion model COMPLEX I. Individual 
wellfield sources were modeled as point sources. 
For the wellfield, sources were modeled for Wellpads E and F, as 
these pads are closest to the property boundary and to the local 
residences along the Pahoa-Pohoiki Road. For combined source 
cases, power plant sources were combined with Wellpad E sources 
because, of the two wellpads, Wellpad E is closer to the property 
boundary. 
Two sets of receptors were used for the COMPLEX I modeling; a set 
of polar coordinates, internally generated receptors, and a set 
of discrete receptors. These are the same receptors used for the 
previous modeling analysis. Receptors were located at 36 points 
on each of the 7 rings about the power plant site. Receptor 
rings were located at distances of 0.7 to 4.5 km from the center 
of the power plant site. An additional 141 receptors were 
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located in a rectangular coordinate grid south-southwest and 
west-northwest of the power plant site. This grid included 21 
receptors along the property boundary. Only impacts at receptors 
on or outside of the property boundary are considered in the 
impact assessment. 
3.9.2.2.l.Emission Rates 
Table 3-8 and Table 3-9 list the annual emission rates for each 
of the potential pollutants from the PGV wellfield and the PGV 
power plant respectively, for which there is an NAAQS or SAAQS or 
which the DOH Air Pollution Control Administrative Rules have 
adopted a significance level. 
Table 3-9 also includes the total annual emissions for the PGV 
wellfield during field development and after the wells are 
connected to the power plant. The wellfield emissions after 
connection to the power plant are based on drilling and testing 
of three wells a year, the maximum level of activity that is 
expected to occur concurrently with power plant 
operations. 
even though 
Table 3-9 also includes isopentane (C~,) emissions, 
it is not a criteria pollutant and no significance 
level has been established for it. 
Table 3-10 compares the total annual emissions of pollutants from 
the wellfield and the power plant with the significance levels 
established by Section 11-60-1 of the DOH Air Pollution Control 
rules. As Table 3-10 indicates, the proposed PGV wellfield and 
the proposed PGV power plant will not emit significant amounts of 
any pollutant regulated by the Clean Air Act. 
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Table 3-8.Potential Emissions From Wellfield Sources 
Well Well Well Pipeline Fugitive Power 
Drilling Venting Testing Cleanout Emission Plant Total 
(tonsjyear)' 
Prior to Connection to Power Plant' 
H,S 0.17 1. 87 4.25 0.20 N/A N/A 6.49 
TSP 0.17 3.20 1.01 0.003 N/A N/A 4.38 
Hg' 0.00001 0.00007 0.003 0.00008 N/A N/A 0.0034 
NOx' 35.4 N/A N/A N/A N/A N/A 35.4 
co' 7.4 N/A N/A N/A N/A N/A 7.4 
sox' 5.4 N/A N/A N/A N/A N/A 5.4 
After Connection to Power Plant' 
H,S 0.06 0.70 2.12 N/A 0.31 0.22 3.41 
TSP 0.06 1. 20 0.50 N/A 0.00 0.07 1. 83 
Hg' 0.000003 0.00002 0.002 N/A N/A 0.00008 0.002 
NOx' 13.3 N/A. N/A N/A N/A N/A 13.3 
co' 2.8 N/A N/A N/A N/A N/A 2. 8 
sox' 2.0 N/A N/A N/A N/A N/A 2.0 
'Emissions data is based upon composite Puna geothermal reservoir fluid 
samples and the source operation and emissions data presented in Section 
'Assumes 8 wells drilled (6 production, 2 injection) with 6 wells vented 
and tested at 90,000 lbjhr steam for 240 hours. 
'Assumes all mercury in the brine is emitted with the steam, an extremely 
conservative assumption. 
4. 
~hree 440 kW diesel generators operation at an average load factor of 0.3 
during drilling. One 440 kW diesel generator on standby. 
'Assumes 3 wells drilled or reworked and tested at 90,000 lbjhr steam for 
240 hours. 
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Table 3-9. Potential Emissions from Power Plant Sources 
Piping Rock Diesel Isopentane 
Pollutant' Manifold Muffler Generator" Release' Total 
tons/year 
H2S 0.09 0.59 N/A N/A 0.68 
TSP 0.001 0.17 0.03 N/A 0.20 
Hg N/A 0.0012 N/A N/A 0.0012 
co N/A N/A 0.08 N/A 0.08 
NO, N/A N/A 0.33 N/A 0.33 
so, N/A N/A 0.03 N/A 0.03 
C5H, 2 1. 75 N/A N/A 2.5 4.25 
'Emissions data based upon composite PUna geothermal reservoir 
fluid samples and the source operations and emissions data 
presented in Section 4. 
'Based on 50 hours of operation of the 250 kW generator per year, 
20 hours operation of the 315 hp firewater pump. 
'Based on two emergency releases of 2,500 lb isopentane a year. 
The PGV wellfield, nevertheless, will employ BACT to the 
wellfield sources of emissions in order to maintain the proposed 
low rates of emissions and to meet the Department of Health 
rules. The 25 MW power plant will achieve low emission rates by 
eliminating the cooling towers which were a major source of 
emissions, and by injecting all but fugitive geothermal fluids 
and gases back into the reservoir. 
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Table 3-10. Comparison of Project Emissions with Significance 
Levels 
Power Plant' 
Emissions 
Pollutant 
H,S 0.68 
TSP 0.20 
Hg 0.0012 
co 0.08 
NOx 0.33 
so, 0.03 
Wellfield' 
Emissions 
(tonsjyear) 
6.49 
4.38 
0.003 
16.18 
101.8 
9.0 
Significant' 
Emission Rate 
10.0 
25.0 
0.1 
100.0 
40.0 
40.0 
'Emissions data is based upon composite Puna geothermal 
reservoir fluid samples and the source operation and 
emissions data presented in Attachment P-10 in Section 2. 
'significance levels based definition of significant on 
Section 11-60-1 of Chapter 60. 
3.9.2.2.2.Impacts of Wellfield Sources 
The maximum predicted impacts from well drilling, well venting, 
well flow testing, pipeline cleanout and fugitive emissions for 
H,S and particulates at the receptor locations on and outside of 
the project boundary are given in Table 3-11. The maximum model 
impact (i.e., most conservative) for all sources modeled is based 
on modeling with the October 1982 through September 1983 
meteorological data base. 
The maximum 1-hour H,S project impact modeled was caused by well 
cleanout venting. Since these impacts are not acceptable, PGV 
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Table 3-11. Maximum H2S concentrations from Wellfield Operations 
~elload E 
-
~elload F 
1-Hour Average Location with respect 1-Hour Average location with respect 
~ell field H2S Concentration to Wellpad E H2S Concentration to ~ellpad F 
~ Rank U~s£m3 l Azi~n.~th Distance ~~s£m3 l AZiiii.Jth ~e 
(deg) (km) (deg) (km) 
Well 1 48 202 0.2 41 233 0.3 
Drilling 2 46 162 0.3 35 220 1.5 
t.lell 1 n.3 266 0.5 69.8 253 0.8 
Venting1 2 75.3 208 0.8 69.7 204 0.7 
\Jell Flow 1 22 162 0.2 20 233 0.3 
Testing 2 19 226 0.3 13 228 2.6 
Pipet ine 1 81.6 312 0.7 81.6 312 0.7 
Cleanout 12 2 79.9 302 0.7 79.9 302 0.7 
Fugitive 1 4 162 0.2 6 94 0.1 
Emissions 2 3 ZZ6 0.3 3 233 0.3 
'venting during daytime (neutral, oostable) periods with windspeeds !: 4 m/s (8.9 flllh>. 
2cteanout emissions from all pipelines will be emitted at the power plant site. 
Source: Aerometric Moni~oring, Inc. 
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reviewed the meteorological data to determine what conditions 
would provide adequate dispersion of vented H,S emissions. The 
maximum impact of venting is 77 ~g;m' H2S which occurs when 
vertical cleanout venting takes place at daylight neutral or 
unstable periods in which windspeed is greater than 4 m;s 
(8.9 mph). Based upon this analysis, PGV plans to schedule well 
venting only during those periods when winds equal or exceed 
4 mjs and are expected to continue to do so. The same criteria 
will be applied to pipeline cleanout emissions. 
The COMPLEX I model was also run to estimate impacts from well 
cleanout venting at the H2S moni taring stations ("Gilman", 
"Woods", "Hess", Schroeder"). With the meteorological 
restriction of daytime, windspeed ~4 m;s, the highest 1-hour H2S 
concentration at any of the monitoring sites was 63.9 ~gjm' at 
the "Gilman" site. 
The 24-hour average maximum PM,0 and TSP concentrations from 
Wellpad E sources were 11.0 ~g;m' and 22.0 ~g;m' respectively for 
well venting. Table 3-11 lists maximum estimated concentrations 
from the wellpads closest to the property boundary and to 
scattered residences along Pahoa-Pohoiki Road. The impacts from 
other wellpads will be less at the property boundary because they 
are further away. 
3.9.2.2.3.Impacts ot Power Plant sources 
During normal operation, the PGV power plant emits only a 
negligible amount of H,S. The maximum predicted impacts for H,S 
from fugitive emissions and the emergency steam releases and 
their receptor locations are given in Table 3-12. The maximum 
model impact (i.e., most conservative) is based on modeling with 
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Table 3-12. Locations of Highest and Second Highest H2S 
Concentrations from Power Plant Sources 
Power Plant 
Source Rank 
Fugitive 1 
Emissions 2 
Emergency 1 
Stearn 2 
Release 
Maximum 1-Hour 
Average H2S 
Concentration Azimuth 
ug/rn'l (degl 
0.1 195 
0.1 218 
32.7 228 
25.3 225 
Distance 
(krn) 
0.7 
0.8 
4 
2 
the October 1982 through September 1983 meteorological data base. 
The maximum 1-hour H,S project impacts were 32.7 ug/rn', caused by 
the first hour of emergency steam release and occurred at high 
terrain receptor locations about 4.4 miles southwest of the power 
plant site. 
3.9.2.2.4.Combined Impact of Emission sources 
PGV will schedule its activities at the PGV Project to minimize 
the effects of simultaneous emissions of sources within the 
wellfield and at the power plant. The power plant will not be 
operating during the period of peak wellfield development. 
During the period of peak wellfield development, only one 
drilling rig is expected to be operating. However, the drilling 
of one well with aerated water or mud may overlap with the 
testing period of another well. Well venting, the activity which 
has the greatest impact on air quality, will be scheduled so that 
it does not coincide with the drilling with aerated water or mud 
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or testing of another well or with pipeline cleanouts. 
Similarly, prior to start-up, the pipeline cleanouts will be 
scheduled so that they do not coincide with drilling with aerated 
water or mud, or well venting or flow testing of the wells. 
When the power plant begins full operation, the only sources of 
emissions will be the fugitives from the wellfield and the power 
plant area. These emissions are conservatively estimated to be 
less than 0.1 1b/hr H2S, and this situation is expected to occur 
more than 99 percent of the time. If an emergency steam release 
occurs, the power plant will cease operating, and the power plant 
fugitives will stop, but the wellfield fugitive emissions will 
continue. 
Eventually, makeup well drilling and well workovers will occur in 
combination with power plant operations. Again, these wells will 
be drilled one at a time, with no more than three wells drilled 
during one year. Thus, well drilling (inadvertent releases 
during drilling with aerated mud or water) and testing emissions 
could coincide with power plant operations, as could well 
drilling with aerated mud or water and well venting emissions. 
The scenario with the greatest potential for combined emissions 
is one in which an emergency steam release occurs when a makeup 
well is being tested and another well is being drilled with 
aerated mud or water. The probability of this worst case 
scenario occurring is estimated at less than one in one million. 
Four scenarios of combined emissions were modeled using the 
COMPLEX 1 model and the receptors discussed in Section 3.9.2.2. 
These scenarios are as follows: 
3-88 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
Case 1: Normal Operations - Power Plant and Wellfield 
Fugitives 
Case 2: Power Plant and Wellfield Fugitives, Well Drilling, 
Well Testing 
Case 3: Power Plant and Wellfield Fugitives, Well Venting 
Case 4: Emergency Steam Release, Wellfield Fugitives, Well 
Drilling, Well Testing 
The results of the modeling for maximum 1-hour H2S from the 
combined power plant and wellfield emissions, are presented in 
Table 3-13. Annual average concentrations are not shown for 
Case 3 because the total duration of this scenario is less than 
24 hours a year. 
3.9.2.2.S.Proposed SAAQS Increment Assessment 
The proposed DOH geothermal power plant regulation requires that 
the maximum allowable increase in H,S concentrations in ambient 
air above natural background levels consider all stationary 
sources (except geothermal wells during testing and routine 
maintenance) in the area affected by the proposed power 
plant. Table 3-14 compares the second highest modeled impact of 
the proposed PGV power plant (during normal operation) and the 
first hour of emergency steam release and the second highest 
monitored impact in the affected area, and compares this total to 
the proposed state allowable increment. The monitored H,S levels 
overstate the HGP-A impacts as they also contain some background 
concentrations from scattered natural sources in the area. The 
high monitored levels also probably show the influence of periods 
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Table 3-13. Maximum H,S Concentrations for Combined Sources at 
Power Plant and Wellpad E 
Case Rank 
Case 1 
Normal Operations 1 
(Power Plant and 2 
Wellfield, Fugitives) 
case 2 
Normal Operations + 2 
Well Drilling and 2 
Testing 
Case 31 
Normal Operation + 1 
Well Venting 2 
Case 4 
Emergency Steam 1 
Release + Well 2 
Drilling and 
Testing + Wellfield 
Fugitives 
Maximum 24-Hour Averages 
Maximum 1-Hour 
H,S Concentration 
( ug/m'l 
6 
3 
76 
68 
83 
78 
107 
99 
'Annual average for Case 3 not applicable because 
dominated by short period (1 day) events of drilling 
and venting. Venting limited to daytime periods 
(neutral or unstable) with windspeeds ~4 mjs. 
Source: Aerometric Monitoring, Inc. 
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Table 3-14. SAAQS Evaluation for H2S Maximum Allowable Increment 
Pollutant 
H2S-Nonmal Operation 
Notes: 
Averaging 
Period 
1-hour 
2nd Highest 
Monitored 
Concentration 
(p.g/m3l 
10 
2nd Highest 
Honi tared 
Concentrationb 
(p.g/m3) 
o. 1 
MaXi !lUll 
Concentration 
(p.g/m3l 
10. 1 
Maxi nun 
Allowable 
Increment 
(p.g/m3l 
35 
•The second highest monitored 1-hour H2S concentration for normal operation is based on the 1988 H2S monitoring data excluding data thought to reflect 
equipment ~nat fooction. 
bsecord highest modeled concentration based on data presented in Table 3-12. 
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when there were malfunctions of the H,S abatement system or 
emergency steam releases at HGP-A. The second highest modeled 
and monitored concentrations (which occur at different 
locations)give a conservative estimate for comparison to an 
increment that, by regulation, may be exceeded once a year at any 
one location. 
Table 3-15 shows that the ambient air quality impact of the 
proposed PGV Project will be within the allowable increment for 
H,S established by the proposed air quality rules. 
3.9.2.2.6.NAAQS and Proposed SAAQS Assessment 
The air quality impact assessment consists of a comparison of 
estimated impacts to the National Ambient Air Quality Standards 
(NAAQS) for particulates and proposed State Ambient Air Quality 
Standards (SAAQS) for H,S. For comparison to the NAAQS and the 
proposed SAAQS the second highest concentration from the ambient 
air quality monitoring data is added to the second highest value 
from the modeling results. This method for the NAAQS and SAAQS 
will result in a conservative estimate because the assumption is 
made that both the second highest monitored value and second 
highest modeled impact occur at the same time and location. 
The results of the second highest H,S and particulates monitored 
values and modeled impacts are given in Table 3-15. The combined 
concentrations are less than the proposed H,S SAAQS of 139 ~g/m3 
and less than the 24-hour and annual average SAAQS for TSP and 
NAAQS for PM,0 • 
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Table 3-15. SAAQS and NAAQS Evaluation for H,S and Particulates 
Total 
PolLutant 
H2S <proposed) 
PM (TSP) 
PM (PM 1ol 
Notes: 
Averaging 
Period 
1-hour 
24-hour 
Annual Arithmetic 
Average 
24·hour 
AfY'IUBl Arithmetic 
Average 
2nc:l Highest 
Monitored 
Concentration' 
CugJm3 > 
19.0 
39.0 
20.0 
16.9 
7.5 
2nd Highest 
Modeled Max irrun 
Concentration2 Concentration 
(Ug/m3> CugJm3 > 
99.0 118.0 
22.0 61.0 
<1 <21 
12 28.9 
<0.3 <7.8 
SAAQS NAAQS 
WLHD. WLHD. 
U9 
150 
60 
150 
50 
1The second highest monitored H2S concentration based on data presented in Table 3·14. The second highest 24-hour and annual average monitored PM 10 
concentrations are based on data recorded at the Hawaii Volcanoes National Park visitor center and the Bishop Estate leasehold during the period 
December 1982 through "arch 1963. The PM10 annual average concentration is based on the average of 29 samples taken March-August 1988. The 24-hour 
average TSP concentration is the highest monitored value and the annual average TSP concentration is based on the average of 14 biwee~ly samples ta~en 
during that period. 
2The second highest modeled 1-hour H2S concentration is based on Case 4 presented in Table 3-13. 
The second highest particulate concentrations are based on Case 3; the arnual average PM 10 concentrations are based on Cases 2 and 4; arYlU8l TSP 
concentrations are from Case 1. 
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3.9.3.Noise 
currently, no noise ordinance with numerical limits is applicable 
to the site. The County of Hawaii Planning Department has 
developed Geothermal Noise Level Guidelines from a study of noise 
in the Puna District (Darby-Ebisu and Associates, Inc., 1981). 
These guidelines consider 55 dBA during daytime (7:00 a.m. to 
7:00p.m.) and 45 dBA during nighttime (7:00p.m. to 7:00a.m.) 
as satisfactory sound levels for residential areas. The 
allowable noise limit for impact noise (noise of short duration, 
typically less than one second, and caused by impacts of pipes, 
tools, etc.) is 10 dBA higher than the overall daytime and 
nighttime limits. The allowable noise levels may not be exceeded 
more than 10 percent of the time in any 20-minute period. 
3.9.3.1.Background Noise Monitoring 
An environmental noise survey was conducted in early September 
1986 at four locations at the PGV site to determine ambient noise 
levels during weekday periods. Two battery-powered noise 
monitoring systems were used to measure the ambient noise levels 
for 24-hour periods at the four locations. 
Two of the locations were on residential properties located south 
and southwest at approximately 0.5 and 1 mile, respectively, from 
the PGV proposed power plant site. These residence locations 
were: 
-"Brees" Station, lot 54, Lanipuna Gardens, Lauone 
-''Gilman" Station, residence, Kaupili Street 
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The two remaining monitoring locations were on the PGV site, one 
at Wellpad A and the other at Wellpad B. 
Background noise levels during the survey period on and around 
the PGV site ranged from L.., values of 34.2 dBA (7 p.m. at "Brees" 
Station) to 53.2 dBA (5 a.m. at "Gilman" Station), which exceeded 
the County noise guidelines of 45 dBA (see Table 3-16). The 
relatively high background noise was due to moderate wind (6 mph 
or greater) and moderate to heavy rain conditions (wind at Hila 
averages 7.2 mph year-round and annual rainfall is approximately 
120 inches) . Early morning rains were observed each day during 
this survey period and localized rain showers of short duration 
were observed during daytime hours. 
Table 3-16. Range of Background Hourly ~ and Average L.., Sound 
Levels 
On-Site Locations Off-Site Location 
Brees Gilman 
wellpad A Well pad B Station station 
(dBA\ (dBA\ (dBA\ (dBA) 
Hourly r..,., Sound Levels 
Daytime 35 to 38 32 to 39 32 to 40 32 to 40 
Nighttime 36 to 39 35 to 41 34 to 35 38 to 51 
Hourly Average r....,''~ Sound Levels 
Daytime 37 to 64 35 to 54 34 to 51 39 to 51 
Nighttime 38 to 44 39 to 47 36 to 46 41 to 53 
laJRounded to the nearest dB level. 
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The prevalent noise during daytime hours is from distant and 
local traffic, wind, birds, and insects. Noise from operation of 
the HGP-A facility, located on Pahoa-Pohoiki Road, just south of 
the PGV site, was barely audible at the PGV onsite monitoring 
locations (Wellpads A and B) and inaudible at the two off-site 
resident monitoring stations. (Subsequent experience has shown 
that the HGP-A facility is, at times, audible at the "Gilman" 
Station.) 
3.9.3.2.Noise Impact Analysis 
Development of the geothermal facility will occur in stages. 
During various stages noise can be expected from the following 
sources: construction, traffic, well drilling, flow testing and 
venting, and plant operation. 
Construction noise will be caused by power equipment and heavy 
equipment. Temporary construction noise levels may range up to 
89 to 93 dBA at 50 feet. The loudest anticipated noise levels 
will be backup alarms, which are standard safety features of 
construction equipment and required to be clearly audible above 
construction noise. Construction noise will, as much as 
possible, be restricted to weekday, daylight hours. 
The traffic associated with construction of the PGV plant and 
drilling operations is estimated to be about 35 vehicle round 
trips per day. Using worst case assumptions of traffic traveling 
at an average speed of 30 to 40 mph up a grade, the hourly 
calculated average traffic noise would be between 30 and 40 dBA 
at a distance of 200 feet from the roadway. 
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Noise generated during well drilling operations will be 
temporary. The primary noise sources will be the mud circulation 
equipment, generators and engines, all of which are located on 
the drilling rig and are acoustically insulated. Well drilling 
typically produces noise levels of 64 to 75 dBA at 50 feet. 
Noise levels from each of the six proposed wellpad locations are 
predicted to attenuate with distance and reach 45 dBA within 
0.6 mi (1 km). Noise levels from drilling at Wellpad E were 
predicted to range from 46 to 50 dBA at the Kapoho and 
Pohoiki-Bay E~tates residents (see Figure 3-20). The levels at 
the Lanipuna Garden residences were predicted to range from 46 to 
51 dBA from drilling at Wellpad F (see Figure 3-21) and from 45 
to 48 dBA from drilling at Wellpad B. All other well drilling 
noise levels were expected to be less than 45 dBA at the nearest 
resident receptors. These projections do not consider the sound 
attenuation of foliage, barriers, and terrain; and PGV has 
proposed additional mitigation measures, including placing 
acoustical enclosures around drilling rig engines, to reduce 
noise levels from drilling (see Section 3.10.5.2). 
Remedial well workover operations, which may occur intermittently 
approximately 5 years from the initial well drilling, will use 
air as the circulating medium instead of drilling muds. The 
noise from drilling with aerated water or mud is expected to be 
higher due to the air compressors. The noise of escaping steam 
is added to the air compressor noise when steam is encountered. 
A muffling system will be utilized to reduce steam venting noise 
to a level 10 dBA above that of the air compressors. It may be 
possible to further reduce routine steam venting noise levels to 
that of the air compressors and attempts will be made to do so 
wherever feasible. Well workovers may last 5 days, but generally 
not longer unless problems or unusual circumstances occur. 
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Noise levels from well workover were predicted to increase to 
48 dBA at Wellpad A and 54 dBA at Wellpad E for some Kapoho and 
Pohoiki-Bay Estates residents. The levels at the Lanipuna Garden 
residences were predicted to increase to 50 dBA from well 
workover at Wellpad B and 54 dBA at Wellpad F. All other well 
workover noise levels were expected to be approximately 45 dBA at 
nearby residences. 
Initial, short-term, well venting to cleanout debris may produce 
noise levels as high as 125 dBA at 50 feet and 50 to 83 dBA at 
one mile. The wells will be tested to determine capacity and 
other characteristics after drilling and venting. Testing may 
initially require up to 10 days; however, it is the objective of 
the project to reduce this time to 24 to 48 hours of flow as more 
experience is gained on the wellfield. Testing may be performed 
continuously or intermittently for the required period. The PGV 
plant will utilize an effective rock muffler during flow testing 
to quiet the steam discharge to 55 dBA or less at the lease 
boundary. 
The pipeline gathering system needs to be cleaned and 
pressure-tested prior to production. This process is referred to 
as pipeline cleanout and consists of intermittently venting steam 
from the well at high velocity to an opening in the pipeline 
where it is released, unmuffled, directly to the atmosphere. PGV 
will notify nearby communities of pipeline cleanout events. 
Cleanout normally occurs once for each section of pipeline and 
normally lasts about one half hour. Noise levels due to pipeline 
cleanout may be as low as those for steady drilling (75 dBA at 
50 feet) or as high as those for unmuffled well venting which can 
reach 125 dBA at 50 feet, and between 50 to 83 dBA at l mile. 
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Table 3-17 shows the predicted octave band noise levels and 
resulting dBA values for the major noise sources in the power 
plant. Based on studies of similar OEC-unit projects, the 
air-coolers will produce the highest noise levels in the power 
plant area. The estimated values in Table 3-17 assume that 
individual steam turbines are enclosed or provided with noise 
controls of equivalent effectiveness, that appropriate noise 
control has been applied to the air cooling units and to the H,S 
Table 3-17. Noise Levels Used to Predict Power Plant Noise 
Emissions 
Sound Pressure Levels in dBA at 50 feet 
Item/Frequency (Hz! 63 125 250 500 1000 2000 4000 8000 dBA 
Steam Turbine{'" 69 69 65 63 60 58 53 
Air Cooler, per 
uni t{b1 83 75 73 67 66 64 61 
NCG compressor{<) 65 59 55 69 67 56 46 
Flow noise in 
steam pipesldl 51 52 50 51 48 46 43 
wExtrapolated from Edison Electric Institute, 1978, with 
enclosures added. 
45 
56 
35 
33 
{b1BBN report at Steamboat Springs, with additional silencing. 
{c1consul tants in Engineering Acoustics. 
~Includes acoustic insulation on steam piping. Not including 
valves. 
Source: Consultants in Engineering Acoustics, 1988 
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abatement compressors, that some thermal/acoustical lagging has 
been applied to the piping and valves, as appropriate, and design 
flow velocities have been selected to avoid distinctive humming 
in pipelines. Some valve noise levels will exceed levels from 
piping, but these levels will attenuate to below plant noise 
levels at the receptors. The total noise power of the ten (10) 
air coolers will be 10 dBA above that of the individual unit. 
The combined noise levels from all sources 
configuration is estimated at 83 dBA at 50 
are expected to attenuate to 45 dBA within 
site, which is the level identified in the 
noise level guidelines for nighttime noise 
areas (see Figure 3-22). 
of the 
feet. 
0.6 mi 
County 
levels 
proposed 
These levels 
(1 km) of the 
geothermal 
in residential 
Measures proposed to mitigate potential noise impacts from the 
project are discussed in Section 3.10.5.2. 
3.10.Environmental Protection 
As required by Rule 12.3(b) (2) part (J), this subsection provides 
"a written description of the measures proposed to be taken for 
protection of the environment, including, but not limited to, the 
prevention andjor control of: 
(i) Fires. 
(ii) Soil erosion. 
(iii) Surface and groundwater contamination. 
(iv) Damage to fish and wildlife or other natural resources. 
(v) Air and noise emissions. 
(vi) Hazards to public health and safety. 
(vii) Socioeconomic impact(s), and 
(viii) Impact(s) on public infrastructure and services." 
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3.10.l.Fire Protection 
The project will have a complete fire protection system, 
including a fire water storage tank, hydrants, and pumps. A 
sprinkler, co, or Halon fire protection system will be installed 
in the control room, and an electrical fire protection system, 
and portable fire extinguishers, will be included. The fire 
protection system is described in more detail in 
Section 3.2.2.~.3. 
Plant operating personnel will be trained in fire fighting 
techniques and will work closely with the Hawaii County Fire 
Department (Pahoa Fire Station) and civil Defense personnel to 
coordinate emergency services. 
3.lo.2.Erosion Control 
Grading of the relatively flat project areas is not expected to 
produce erosion problems. Approximately 75 percent of the 
project area is covered by soils, and these soils (Keaukaha, 
Opihikao, and Malama series) are classified by the Soil 
Conservation Service as having only a slight erosion potential. 
Table 3-18 gives the characteristics of these soils. The 
southwestern portion of the project area is covered by recent 
lava flows. The portions of the site covered by bare lava flows 
have virtually no erosion potential. 
Erosion will be controlled by limiting construction vehicles to 
the areas planned for disturbance and by stabilizing cut and fill 
slopes according to Uniform Building Code requirements. The 
regrowth of natural vegetation in the disturbed soil areas will 
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Table 3-18. Soil Characteristics of Puna Geothermal Project Site 
Parameter 
Depth 
Description 
Permeability 
Erosion 
Potential 
Underlying 
Material 
Keaukaha 
Series 
Thin, up to 
8 inches 
Very dark 
brown, mucky, 
moderate-to-
fine sub-
angular blocky 
structure 
High 
Slight 
Pahoehoe 
Opihikao 
Series 
Thick 
Upper 3 
inches very 
dark brown, 
mucky, friable, 
medium-to-
fine subangular 
blocky structure 
High 
Slight 
Pahoehoe 
Source: Puna Geothermal Venture EIS 
further stabilize soils. 
Malama 
Thick, up to 
12 inches 
Upper 3 
inches very 
dark brown, 
extremely 
stony muck 
High 
Slight 
A a 
3.10.3.Protection ot Surface waters and Groundwater 
Measures to protect surface waters and groundwater have been 
incorporated into the project design, although there is no 
surface water in the project area and the groundwaters are 
influenced by leakage from the geothermal reservoir. No fresh 
water exists beneath or downgradient of the project site. 
Drilling fluids (a nontoxic mixture of fresh water, clays, 
biodegradable detergents and special additives to control pH, 
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viscosity, flocculation and foaming) will be discharged to 
unlined sumps under normal drilling operations. Although the 
drilling muds will settle to the bottom and form a lining, some 
liquids will percolate into the groundwater. In addition, some 
loss of drilling fluid in the subsurface during drilling is 
expected. Toxicity tests of drilling fluids previously placed in 
the Wellpad A sump show no EPA-defined toxicity levels. Arsenic, 
lead and mercury were among the metals analyzed for in these 1985 
tests. Neither wellbore fluid losses while drilling or drilling 
sump residues are expected to approach toxic levels. 
Geothermal brines and reacted abatement chemicals (soluble 
sulfides and hydrosulfides) will be discharged at the test site 
during well flow testing. The brines and liquids from the rock 
muffler will percolate into the shallow, geothermally-influenced 
groundwater. The volume of fluid is small relative to the large 
volumes of existing groundwater and to the rainfall recharge of 
the area. Testing of a 90,000 lb/hr well will produce 
approximately 45 gpm fluids during the 10-day testing period, 
while recharge from the rainfall on the 500-acre project area 
averages more than 1800 gpm year round. 
As discussed in Section 3.2.3.5, dikes or berms will be 
constructed around the chemical storage tanks to contain any 
spills, and federal and state regulations will be followed for 
the handling and transportation of hazardous materials. Berms 
will also be constructed around the electrical transformers and 
the lube oil storage tanks. 
All geothermal fluids that are withdrawn from the reservoir will, 
during normal operations, be injected back into the reservoir 
well below the shallow groundwater aquifer during normal 
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operations. As required by drilling regulations, both the 
production and the injection wells will be cased and cemented, 
which will prevent the geothermal fluids from further mixing with 
the less saline waters in the upper aquifer. The injection wells 
will have an additional liner for corrosion control. 
The closest sources of groundwater currently providing limited 
use is near the Kapoho Crater, three miles northeast of the power 
plant site and the Pahoa station, just less than three miles west 
of the site. Injection of the geothermal fluids is not expected 
' 
to affect the waters there because the fluids will be injected 
below the caprock that seals the upper aquifer from the 
reservoir. In addition, the dominant dispersion pattern will 
direct groundwater toward the coast to the south. 
3.10.4.Protection ot Fish and Wildlife and Other Natural 
Resources 
The biological and other natural resources of the Puna District 
will be protected by limiting the amount of habitat that will be 
disturbed by the project to a total of approximately 30 acres of 
scrub vegetation, fallow fields, and lava 
which will only be disturbed temporarily. 
flows, five acres of 
The project will avoid 
disturbance to significant biological resources and will control 
emissions and inject essentially all noncondensable gases and 
geothermal fluids into the geothermal reservoir. 
Biological resources within one mile of the proposed power plant 
location have been surveyed. The survey recorded 240 plant 
species in the fallow fields, Metrosideros forests, and lava 
flows within the study area. Figure 3-23 is a vegetation map of 
the project area prepared by Char and Stemmermann in 1984. The 
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map shows that most of the areas planned for geothermal 
development are fallow fields, although Wellpads c and 0 and the 
temporary construction area were designated as cultivated in the 
1984 survey. The power plant site and access road to Wellpad A 
will displace lands designated as cultivated and will extend into 
a portion of the open Metrosideros-Lichen forest. 
No rare, endangered, or threatened plant species occur on the 
power plant or wellpad sites. One candidate endangered plant 
species (Tetraplasandra hawaiiensis) and three rare species of 
Cyrtantra and a Bobea species (possibly Bobea timonioides, a 
candidate endangered species) were identified within the 1-mile 
area. 
Eleven bird species were observed within a 1-mile radius of Puu 
Honuaula during a 1984 study. Two of the species are native: 
the Hawaiian hawk and the lesser golden plover. The Hawaiian 
hawk is on the federal list of endangered species. Its breeding 
area encompasses most of the Island of Hawaii. 
Four field studies of the Hawaiian hawk have been conducted 
between 1984 and 1986 in connection with the PGV geothermal 
project. The studies have shown that the hawks use the project 
area around Puu Honuaula for hunting. No nests have been found 
on Puu Honuaula. The nearest nest is located about one mile east 
of the project site. 
The activities of the proposed project are not expected to 
adversely affect the Hawaiian hawk. The hawks are accustomed to 
human activities in the papaya fields, and use the area primarily 
for foraging. Even the loudest noises (well venting) will 
attenuate to 50 to 83 dBA at one mile and are unlikely to affect 
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breeding of the hawk adversely (see Section 3.10.5.2). Under the 
proposed project design all geothermal wastes, emissions which 
could be harmful to wildlife will be injected, and the only 
emissions will be fugitives. Chemical treatment will be applied 
during well testing and to emergency steam releases to abate H,S. 
H,S emissions during normal operations would be less than 
0.1 lb/hr, which would result in ambient levels well below injury 
level to sensitive plant and animal species. 
3.lo.s.control of Air and Noise Emissions 
As described in Section 3.2, procedures and techniques have been 
incorporated into the design of the PGV Project to control air 
and noise emissions during each stage of the project: site and 
pad construction, drilling, well testing, normal power plant 
operation, and emergency steam release during outages (steam 
stacking). 
3.lo.5.l.Control of Air Emissions 
The following measures are proposed to protect the environment 
and public from potentially harmful air emissions from the PGV 
Project. These potential emissions include H,S, particulate and 
trace elements in the steam; fugitive emissions of isopentane; 
criteria pollutants in the exhaust from construction and drilling 
equipment; and fugitive dust. 
During construction, conduct regular maintenance of 
construction equipment and drilling rig engines to prevent 
undue discharges of criteria pollutants (carbon monoxide, 
hydrocarbons, nitrogen oxides, sulfur dioxide, and total 
suspended particulate). Criteria pollutant emissions from 
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these engines will not exceed the significant levels 
defined in the Hawaii Air Pollution Control Rules 
(Chapter 60, Title 11). 
Control fugitive dust from construction operations by 
sprinkling exposed soil in the construction area with 
water, as necessary. 
Install blowout prevention equipment (BOP) at each 
wellhead to prevent uncontrolled releases of geothermal 
steam at the wellhead. 
Employ mud drilling techniques to reduce H,S emissions 
from most drilling operations to negligible levels. 
Inadvertent H,s emissions during drilling with aerated 
water or mud will be less than 7.0 lb in ten minutes. 
Inadvertent releases of steam will be stopped (using BOP 
equipment if necessary) if they exceed 10 minutes. 
Vent the drilling fluids through a cyclone separator to 
control particulates during drilling. 
Ensure the integrity of the geothermal wells by designing 
wells and wellheads with conservative safety factors. 
Use conservative safety factors for design of process 
facilities and the related piping to prevent uncontrolled 
releases of air contaminants into the atmosphere. 
Limit time of well venting and cleanout (to approximately 
four hours duration) per well as much as possible and 
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perform these operations only during proper meteorological 
conditions (winds ~4 mjs) and with proper notification. 
Abate well testing emissions by (up to 95 percent) by 
routing the flow through the rock muffler at the wellpad 
and injecting water and NaOH, as needed. 
Use an H,S abatement system which injects essentially all 
noncondensable gas back into the geothermal reservoir. 
This gas injection system has been demonstrated effective 
at the Coso geothermal field in California. 
Use air-cooled OEC units in place of water-cooled 
condensers and cooling towers to produce a closed-loop 
system that eliminates all but minor fugitive release of 
geothermal gases to the atmosphere. 
Design the injection system with spares for all major 
systems, including a spare pump, a spare compressor, and a 
spare injection well. 
Periodically inspect piping connections and welds to 
reduce fugitive emissions of H,S and isopentane. Monitor 
pressure levels in working fluid cycle. 
Design the process plant equipment with automatic 
instrumentation and controls to minimize the possibility 
of a rupture disk event resulting from a process upset. 
Set rock muffler release valve at a lower trigger point 
than the rupture disk, so as to route overpressure steam 
to the abatement system in the mufflers. 
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Use NaOH injection at the power plant rock muffler to 
control H,S emissions by 96 percent during steam 
operations (state-of-the-art rock muffler design). 
Minimize the emissions from emergency steam releases by 
designing both steam turbinejOEC units with high 
reliability factors. 
With these control measures, the total emission of H2S will be 
less than 10 tonsjyear, which is the significance level for H2S 
in the Department of Health (DOH) regulations. The proposed 
measures also meet the requirement of the DOH regulations which 
cover geothermal power plants and wells. 
3.10.5.2.Control of Noise Levels 
The following mitigation measures are proposed to mitigate 
potential noise impacts from the project. The most significant 
noise levels will be generated during short-term operations such 
as well venting, flow testing, and pipeline cleanout. 
Set construction equipment backup alarms at minimum legal 
limits. 
Reduce drill rig noise by using residential-grade 
mufflers, placing an acoustic enclosure around drill rig 
engines and other noisy mechanisms, and silencing engine 
radiator air inlets and outlets. 
Use silencers andjor enclosures on auxiliary equipment 
used during well drilling and workover operations (diesel 
generators, pumps, compressors, etc.). 
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Employ steam vent muffling system when steam is 
encountered during well workover operations. 
Use rock mufflers to control noise during flow testing 
operations and emergency steam releases. 
Schedule especially noisy short-term operations, such as 
well venting and pipeline cleanout, for daylight hours 
only and notify the public prior to such operations. 
Acoustically insulate selected pipes and valves. 
Connect pressurized steam outlets to condensate piping 
andjor rock mufflers, where possible. 
Muffle or enclose individual steam turbine generators, or 
provide an equivalent level of noise control. 
Provide acoustic insulation, sound barriers, acoustically 
improved fan design, or other noise controls, as needed, 
on the air-cooled condensers. 
Schedule noisy maintenance activities for daylight hours 
only. 
3.10.6.Protection of PUblic Health and Safety 
The measures taken to control air emissions, reduce noise levels, 
and contain water effluents will also serve to protect public 
health and safety. The risks to public health and safety consist 
primarily of exposure to H,S. The geothermal resource at Puna 
09022010.840 
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Employ steam vent muffling system when steam is 
encountered during well workover operations. 
Use rock mufflers to control noise during flow testing 
operations and emergency steam releases. 
Schedule especially noisy short-term operations, such as 
well venting and pipeline cleanout, for daylight hours 
only and notify the public prior to such operations. 
Acoustically insulate selected pipes and valves. 
Connect pressurized steam outlets to condensate piping 
andjor rock mufflers, where possible. 
Muffle or enclose individual steam turbine generators, or 
provide an equivalent level of noise control. 
Provide acoustic insulation, sound barriers, acoustically 
improved fan design, or other noise controls, as needed, 
on the air-cooled condensers. 
Schedule noisy maintenance activities for daylight hours 
only. 
3.10.6.Proteetion of PUblic Health and Safety 
The measures taken to control air emissions, reduce noise levels, 
and contain water effluents will also serve to protect public 
health and safety. The risks to public health and safety consist 
primarily of exposure to H2S. The geothermal resource at Puna 
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has higher H2S concentrations and lower arsenic, boron, mercury, 
and radon-222 concentrations than other geothermal resources 
developed on the mainland (Geysers, Imperial Valley, Coso, 
Nevada, and Utah). The proposed design with its closed-loop 
configuration of steam turbines/air-cooled OEC binary units and 
gas injection system will minimize public 
other elements in the geothermal fluids. 
exposure to H2S and the 
The geothermal fluids 
and gases will be isolated from the atmosphere and will only be 
released as fugitives or in the event failure of multiple units 
in this configuration. The maximum predicted ambient levels of 
H2S are below the proposed State of Hawaii standard of 0.10 ppmv, 
which is set 100 times lower than the occupational standard. 
Other potential health and safety concerns are exposure to 
elevated noise levels (occupational exposure), construction 
accidents with heavy equipment, exposure to hazardous chemicals, 
traffic accidents, well blowouts, and pipeline ruptures. The 
potential risks associated with these hazards are comparable to 
and, in some cases, less than other industrial projects. 
In addition to the measures taken to control air emissions (see 
Section 3.10.5.1), the following design measures are proposed to 
protect public health and safety. 
Design wellfield program to prevent blowouts (see 
Section 3.2.1.3 and Appendix B for details on blowout 
prevention equipment). 
Design pipelines in accordance with applicable ANSI and 
Hawaii State pipeline safety requirements. 
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Implement noise suppression measures in all phases of 
project design and operation (see Section 3.10.5.2). 
secure the project area with a chain link fence around 
wellpads and power plant site and limit public access. 
Require training of personnel in the areas of safety and 
emergency procedures, such as the proper shutdown of well 
equipment during an emergency. 
Employ hand-held H,S monitors for employees throughout the 
plant during well venting, flow testing, pipeline cleanout 
and maintenance activities in confined space to promptly 
detect any H,S exposure. Install H,S alarms in 
noncondensable gas compression areas and other areas where 
H,S may accumulate. 
Adhere strictly to applicable hazardous materials storage 
and transportation regulations. Inform all employees of 
the hazards of each compound and the appropriate emergency 
procedures in the event of an accidental contamination. 
Schedule deliveries and truck traffic to avoid peak 
traffic periods and install turnout lanes on the main 
access road. 
Work with Civil Defense in the development of the 
emergency response plans. 
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3,10.7.Prevention of Adverse Socioeconomic Impacts 
The development of the PGV facility will result in a number of 
positive economic and social impacts. These impacts include jobs 
for local residents, increased economic activity from capital 
expenditures in the county, increased state and county revenues 
from taxes, royalties, and permit fees, and increased energy 
self-sufficiency. 
The PGV Geothermal Project will provide both the State and the 
Island of Hawaii with a number of beneficial aspects and assists 
in meeting a number of goals. The project is anticipated to: 
Decrease dependence upon imported petroleum products. 
Diversify Hawaii's economic base. 
Provide increased employment opportunities and personal 
income. 
Increase public revenues and capital expenditures. 
Provide a dependable and efficient source of energy. 
Develop an alternate, renewable energy source which is 
indigenous to the Island. 
Further the State program to develop additional 
information on the commercialization of geothermal energy. 
The Puna District, with a 1984 population of 16,530, is the third 
most populous of the Island Of Hawaii's nine districts. During 
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the 1970s the Puna District experienced a 128 percent population 
growth which shifted the ethnic composition of the area from 
largely Japanese to largely Caucasian. During the same period, 
the proportion of Puna's population consisting of native 
Hawaiians increased from 9 percent to 15 percent. Many of the 
immigrants to the area were from the mainland, either retirees or 
participants in subsistence economies, and were attracted to the 
area because of its isolated, natural environment. 
Although the economy of the island as a whole has shifted from 
agriculture to-tourism over the past several decades, the economy 
of the Puna district is largely unaffected by tourism. A 1982 
survey of 778 Puna households showed that 31 percent were retired 
or not working, 20 percent working in agriculture, 12 percent in 
construction, 8 percent in government, and 1 percent in the 
geothermal industry. Puna has been a major sugar producing area, 
but production has stopped since the Puna Sugar Company ceased 
operations in 1984. The median family income in lower Puna where 
the project is located is 72 percent of the island-wide level, 
and the area has a higher proportion of families qualifying for 
poverty status than the rest of the island. 
The housing supply in Puna increased by 79 percent in the 1970s, 
with most new housing stock generated through custom horne 
construction in land subdivisions. The median value of 
owner-occupied housing in Puna is significantly lower than for 
the island as a whole. 
Most of the positive socioeconomic impacts are associated with 
the direct and indirect effects of the estimated 23 construction 
and 19 operations and maintenance jobs at the proposed project 
that will be filled by local employees. Peak construction 
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employment is estimated to be as high as 100 people. 
Construction of the project will generate a total annual increase 
in personal income of more than $16 million, and that annual 
operation will produce another $1.8 million. The proposed 
project will also increase county revenues through property 
taxes, permit fees, and other fees collected through increased 
economic activity. 
Additional employment may be generated by potential spin-off 
activity such_as use of geothermal heat for papaya drying or 
industry attracted to other areas of the island by the existence 
of reliable electrical energy. Spin-off activities are not an 
automatic consequence of the proposed action, and future 
industries would have to be permitted on a case-by-case basis. 
The socioeconomic effects of the project were perceived as 
positive by most of the region's population but some perceived 
the project as disruptive to the traditional rural atmosphere. 
Surveys indicate support of two-thirds of the population for 
geothermal development on the scale of the proposed project. 
About 17 percent of respondents opposed the project. This 
opposition may decline if the proposed project operates as 
unobtrusively as planned. 
The measures proposed to avoid adverse socioeconomic effects are 
the same as those designed to protect the other aspects of the 
environment: control of air emissions, noise levels, and other 
impacts so that they will not intrude upon the rural environment 
outside the project boundaries. Additionally, state and county 
government planners can help allay community fears about the PGV 
Project by providing local forums for discussion of geothermal 
development. 
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The only potential adverse socioeconomic impacts of the project 
will be visual. Visual analysis indicates most views of the 
project area will be screened by existing vegetation or by Puu 
Honuaula. The project will be visible from portions of Highway 
137, Pahoa-Pohoiki Road, and Leilani Avenue; however, these views 
will be from at least 0.5 miles distance, and visibility impacts 
will be mitigated by the measures described in Sections 3.3.1 and 
3.3.2. 
3.10.8.Prevention of Adverse Impacts on Infrastructure and 
services 
3.10.S.l.Traffic 
Traffic through Pahoa will increase slightly during construction 
of the project. Approximately 35 vehicle round trips per day are 
expected during the wellfield and power plant construction. 
Traffic during normal power plant operation will drop to about 10 
to 18 vehicle trips per day. These added vehicle trips amount to 
a less than a one percent increase over existing traffic levels 
at the intersection of Highways 130 and 132, based upon the 
existing traffic levels of 2000 to 3600 vehicles per day at this 
intersection. The increase should not cause a significant impact 
on traffic in the project area. 
PGV plans to use Kapoho Road (Highway 132) rather than the 
existing access road (Pahoa-Pohoiki Road) as the primary access 
to the site because it has fewer curves. An entrance road will 
be constructed to the project site. A right-turn lane from 
Kapoho Road into the project area will be provided for traffic 
coming from the west. This right-turn lane will reduce traffic 
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congestion associated with vehicles (especially 
construction-related vehicles) turning into the project site. 
3.10.8.2.Utilities 
Telephone service is provided by the Hawaii Telephone Company and 
expansion is provided as demand requires. During construction, 
electrical power will be provided by HELCO. A 34.5 kV overhead 
electrical transmission line currently extends along the 
Pahoa-Pohoiki road to the HGP-A site to share poles with the 
telephone system. 
During operation, onsite power requirements will normally be met 
using power generated by the plant itself. A diesel generator 
unit will be available as an emergency backup if the system power 
fails (see Section 3.2.2.4). 
3;1o.a.J.Water Supply and Distribution 
The public water supply and distribution system is operated and 
maintained by the County Department of Water Supply. There are 
four major public water systems in the Puna District, one of 
which has been extended beyond the HGP-A project site from a well 
located above Pahoa. A water line supplies potable water from 
the county water main. 
Up to 30,000 gallons of water per day will be needed during the 
drilling for makeup to replace lost circulation fluids. PGV 
plans to purchase this water from the county unless it develops 
its own water supply. For supplemental injection water needs see 
Section 3.2.2.6.4. 
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Service water requirements for the PGV facility are estimated at 
approximately 1000 gallons per day from the public water system. 
Service water is required for drinking water, sanitation, 
occupational safety (i.e., emergency showers and eyewash 
stations), and chemical mixing and makeup water. 
For general plant purposes, there will be a separate system 
utilizing condensate water. If additional water is needed, rain 
catchment water, piped-in County water, and trucked-in water can 
be used. 
Initial filling of the fire water tank will be from the county 
water system. Make-up will be from the condensate system. 
3.10,8,4.Sewage Disposal system 
There will be no impact on public sewage facilities from the PGV 
Project. It is estimated that the proposed project would 
generate an average of less than 200 gallons of domestic 
wastewater per day. current plans are to dispose of domestic 
wastewater at onsite in cesspools. These cesspools are expected 
to perform satisfactorily due to the highly porous nature of the 
soils and underlying rock and their successful usage elsewhere in 
Puna. Portable toilets may also be used during peak periods. No 
public drinking water sources would be affected by this disposal 
system. 
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site in Leilani Estates. Six residences are within a half-mile 
of the site; another 24 within a mile. The proposed project will 
occupy about 5 percent of the 500 acres leased by the project. 
The remaining acreage will provide a buffer zone between the 
project and the residences. The presence of residential 
development relatively close to the site has prompted the PGV 
Project to employ the most effective measures to control air and 
noise emissions. 
With the proposed project design, the geothermal fluids, which 
contain H2S, will not come in contact with the atmosphere during 
normal operation. During some outages, steam will be released 
through the rock mufflers, but this steam will be treated with 
state-of-the-art abatement systems to control emissions by 
96 percent. At this level of control, the ambient concentrations 
of H2S in the residential areas will be well below the levels 
known to cause health effects. 
A study of the impact of the HGP-A facility on housing values in 
the vicinity of the site found that the odor of H2S emissions 
from the HGP-A facility could decrease housing values of 
residences within 0.5 miles of the power plant site by as much as 
50 to 70 percent. The proposed project, with much more effective 
H2S control technologies than HGP-A, is not expected to produce 
this kind of decrease in housing values. 
Similarly, the noise levels will be reduced so that the 
attenuated levels at the nearest residences will be lower than 
• 
those levels specified in the guidelines developed by the County 
of Hawaii Planning Department. Noise from the existing HGP-A 
Project was not audible during the site surveys. PGV will 
monitor noise levels and ambient concentrations of H2S, to 
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verify the predicted impacts of the proposed project (see 
Section 3.12). This monitoring program will also provide 
reassurance to the community that there are no adverse health or 
environmental effects. 
The implementation of effective environmental controls is 
expected to preclude any adverse socioeconomic effects on the 
surrounding residences. Without unpleasant odors or noise levels 
and with proper vegetative screening and a sufficient buffer zone 
between the project and the residential areas, there is no 
physical basis- for the project affecting property values. 
Despite these measures, some unanticipated effects may occur or 
residents may feel that additional mitigation is required to 
offset unanticipated project effects. PGV has participated in a 
number of local community groups, which are intended to provide a 
forum for resolution of issues and discussion of measures to 
reconcile public impacts. Some of these political and community 
groups include: 
Puna Community Council 
Leilani Community Association 
Nanawale Community Association 
Mayor's Geothermal Advisory Commission 
Big Island Business Council 
Hawaii Island Economic Development Board 
Hawaii Island Chamber of Commerce 
PGV will continue to work with these organizations and with the 
Planning Commission and Department to develop additional 
measures, if needed, to mitigate or reconcile public impacts. 
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Similarly, the project will have its own roads, sewage system, 
water collection system, fire protection system, and drainage 
systems, although it will use water from the Pahoa District (see 
Section 3.10.8). These systems will prevent adverse impacts on 
public agencies providing infrastructure support in areas such as 
roads, sewers, water, drainage, related services and police and 
fire protection. If unanticipated effects occur during the 
construction or operation of the project, PGV will work directly 
with the affected agency and the Planning Department to develop 
measures to relieve the unforseen burden on local agencies. 
3.12.Monitoring Plans 
This subsection explains "preliminary provisions andjor plans for 
the monitoring of environmental effects such as noise and air and 
water quality during each proposed phase of the project 
(exploration, development and production) demonstrating how the 
applicant intends to comply with this rule, the rules of the 
State's Department of Health, and the rules of the State Board of 
Land and Natural Resources" as required by Rule 12.3(b) (2) 
part (L). 
3.12.1.Meteorological and Air Quality Monitoring 
The meteorological monitoring stations at the "Woods" Site and at 
the plant site will be kept in continuous operation, and 
additional meteorological and air quality monitoring will be 
performed to ensure that all design and environmental criteria 
are met. Meteorological monitoring at the "Woods" Site include 
wind speed, wind direction, wind direction fluctuation (sigma 
theta), temperature, relative humidity, rainfall, and solar 
radiation. Meteorological monitoring at the plant site includes 
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wind speed, wind direction, temperature, relative humidity, and 
rainfall. 
Continuous ambient measurements of H2S will likely be conducted 
at three sites: "Schroeder", "Gilman", and a new site located 
near the residences on Kaipu. H2S levels will be monitored 
throughout the construction, operation, and decommissioning 
phases of the project. During well drilling and plant 
operations, the air will be monitored in strategic locations. 
Permanent H2S monitors and emergency air units will be located in 
strategic places. Hand-held H2S monitors will also be used 
extensively throughout the plant for detection of H2S exposures 
in those areas not having permanent detectors, especially in 
confined spaces. 
Because the proposed PGV Project design eliminates the cooling 
tower and the cooling tower drift, which was identified as the 
primary source of arsenic from the previously proposed PGV 
Project, PGV does not plan to conduct the previously proposed 
arsenic monitoring studies. All of the arsenic, radon, mercury, 
lead, and other trace elements in the geothermal fluids will be 
contained in the brine, condensate, and gases that will be 
injected back into the geothermal reservoir. There will be no 
occupational exposure to these elements during normal operation 
of the project, and the only occasions for exposure will be the 
infrequent periods of emergency steam release and well testing 
and turbine maintenance. Brief periods of exposure to low 
concentrations of these elements do not require occupational 
monitoring studies. Similarly, there will be no radon releases 
from the proposed design, and PGV does not plan to monitor 
ambient levels of radon near the site. 
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3.12.2.Noise Monitoring 
PGV will perform a 24-hour noise monitoring survey after start-up 
of the power plant to verify the noise specifications of 
equipment and a noise survey to ascertain the impacts of 
operational Loo and ~ noise levels on residential areas and 
compliance with County guidelines. Noise monitoring will also be 
conducted if requested by the Planning Department in response to 
public complaints. Public notification will be provided for 
one-time events which may cause high noise impacts, such as well 
venting or pipeline cleanout. 
3.12.3.Biological Monitoring 
PGV does not intend to continue biological monitoring of the 
Hawaiian hawk, because changes in the project design eliminate 
the major source of regular emissions, and, consequently, the 
potential for impacts on the Hawaiian hawk and any rare native 
plants from cooling tower emissions is eliminated. Although the 
noise impacts will be similar to those described, no adverse 
impacts on the Hawaiian hawk are anticipated from even the 
loudest noise produced by the PGV facility. 
3.12.4.Compliance with Regulations 
The planned monitoring will assure that the project is in 
compliance with the following regulations: 
County of Hawaii Planning Commission's Rule 12 (Geothermal 
Resource Permits). 
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DOH's Ambient Air Quality Standards (Title 11, 
Chapter 59), Air Pollution Control regulations (Title 11, 
Chapter 60), and Underground Injection Control regulations 
(Title 11, Chapter 23). 
DLNR Geothermal Plan of Operation rules (Title 13, 
Chapter 183, Subchapter 7), Well Drilling rules (Title 13, 
Chapter 183, Subchapter 8), Well Modification for 
Injection requirements (Title 13, Chapter 183, 
Subchapters 8 and 9), and Well Abandonment regulations 
(Title-13, Chapter 183, Subchapters 8 and 11). 
Necessary permits will be obtained from the authorizing 
governmental agency. Permit applications will detail how the PGV 
operations will comply with the applicable requirements. 
3.13.Emergency Preparedness Plans 
This subsection provides "a preliminary plan of action for 
emergency situations which may threaten the health, safety, and 
welfare of employees and other persons in the vicinity of the 
proposed project site including, but not limited to, procedures 
to facilitate coordination with appropriate Federal, State and 
county officials and the evacuation of affected individuals," as 
required by Rule l2.3(b) (2) part (M). 
The PGV Project submitted an emergency preparedness plan for well 
drilling and testing of the existing wells and a plan to cover 
the current period when the wells are closed down (shut in) and 
unattended. These plans have been approved by the County civil 
Defense Director and are in effect. Prior to the beginning of 
construction, these emergency preparedness plans will be combined 
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and expanded 
the project. 
to cover the construction and operational phase of 
An outline of the information recommended for the 
construction and operational phase is presented in Appendix D. 
During operation the emergency preparedness plan will be reviewed 
annually and updated to reflect current contact telephone numbers 
and safety requirements. 
The plan will describe the proposed facility and its operation, 
identifying areas of potential hazard such as storage of 
flammable materials (lube oil, isopentane), presence of 
potentially hazardous substances (H,S and NaOH) , and 
high-pressure piping. The plan will describe coordination 
agreements with outside agencies and define the division of 
responsibility expected between the agencies and the project. 
Onsite chains of command and levels of responsibility in 
emergency situations will be included in the emergency 
preparedness plan. 
The operation plan will be divided into subsections according to 
the potential hazards (well blowout, chemical spills, H,S 
hazards, pipeline rupture, fires, contaminated soils, etc.). For 
each subsection, the plan will identify technical data on the 
nature of the hazards (for example, the concentrations of H,S in 
the various areas and the hazard associated with these 
concentrations, the corrosive characteristics of the abatement 
chemicals) and describe the warning systems (such as H,S 
detectors used to alert personnel of the hazard). Each 
subsection will also define the location and use of equipment 
used to control the hazard (fire protection equipment, isolation 
valves) . It will identify the personnel trained in the use of 
that equipment and define the authorities which must be notified 
if the hazard occurs. Additional subsections will deal with 
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natural hazards such as lava flows, earthquakes, and storms, and 
identify coordination agreements and expected warning times. A 
summary checklist will be provided that identifies the emergency, 
describes control options, and defines when to evacuate and when 
to notify outside services and agencies. 
The plan will identify the location and capabilities of available 
medical facilities and will describe plans for transporting 
injured personnel. Evacuation plans and alternate routes, 
including meeting points, will be included in the plan. The plan 
will identify those situations requiring media andjor public 
notification and list personnel authorized to make statements to 
the media andjor the public. 
Training requirements will be included in the plan, including 
procedures for emergency shutdown, handling of emergency 
equipment, spill prevention, first air and rescue, fire fighting 
procedures, and evacuation training. The plan will also include 
reporting and recordkeeping requirements. 
3.14.Schedule 
This subsection provides a "preliminary timetable(s) and/or 
schedule(s) for each proposed phase of the project" as required 
by Rule 12.3(b) (2) part (N). 
The current development schedule for the PGV Project calls for 
the commencement of the development of the geothermal wellfield 
and the construction of the power plant as soon as all the 
necessary permits are obtained and the contract with HELCO is 
finalized. Accordingly, PGV assumes that the wellfield 
development and construction of the power plant will start during 
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the second half of 1989. The wellfield development and the power 
plant construction will continue uninterrupted through to the end 
of 1990, when commercial operation of the full 25 MW project is 
scheduled to commence (see Figure 3-24). Permit acquisition and 
project engineering are both currently in progress, and equipment 
fabrication is scheduled to begin by mid-1989, as soon as all the 
permits are obtained and the contract with HELCO is finalized. 
The final timing of commercial operations will depend, in part, 
on the results of the capacity contract and transmission line 
-
negotiations now being concluded between PGV and HELCO, and the 
completion of the permitting process. However, the current 
schedule anticipates that commercial operations will commenced in 
stages, as requested by HELCO, which is made possible by the 
modular nature of the power plant design. As currently 
envisioned, the schedule calls for the first phase of the 
project, generating 7.5 MW, to be ready by early 1990. At this 
phase, all the power generating units will be OEC binary units, 
which can be manufactured in a shorter time than the steam 
turbines. The second phase, generating up to 20 MW, will consist 
of all the OEC units and, if available, a few steam turbines. 
The final phase of the project, generating the total 25 MW (net), 
would commence commercial operation by the end of 1990. 
Depending on the transmission line and contract negotiations with 
HELCO and the date that all permits are obtained, a possible 
alternative schedule divides the project into only two phases; 
12.5 MW by mid-1990, and completion to 25 MW by the end of 1990. 
In any case, the drilling of the wells and construction of the 
power plant is scheduled to start as soon as possible and will 
continue uninterrupted through to the end of 1990 when full 
commercial operation commences. 
3-132 
09022010.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
1988 1989 1990 
PERMITTING 
ENGINEERING 
WELLFIELD DEVELOPMENT 
EQUIPMENT FABRICATION 
PLANT CONSTRUCTION 
START-UP 
COMMERCIAL OPERATION 
Figure 3-24. Generalized Project Schedule 
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The operational life of the facility is estimated to be 35 years, 
after which the plant and wellfield will be decommissioned (see 
Section 3.2.7). 
3.1S.Progress Reports 
This subsection includes a discussion "method(s) of presenting 
timely progress reports to the Planning Commission" as required 
by Rule 12.3(b)(2) part (0). 
Written progress reports will be submitted to the Planning 
Commission as required. 
3.16.Cultural Resources 
This subsection includes "other pertinent information or data 
such as an archaeological survey which the Planning Director may 
require to support the application for the utilization of 
geothermal resources and the protection of the environment," as 
Required by Rule 12.3(b) (2) part (P). 
The PGV Project should not impact on the cultural and historical 
resources of the PUna area. The district did not play an 
important political role in the history of the island and was 
typically controlled by chiefs of the adjacent districts, Hilo or 
Kau. The district was a traditional religious center with some 
of the first heiau, places of worship, built in the Kapoho area, 
several miles from the site. Most of the archaeological sites in 
the area have been at Kapoho or on the coast. 
At the request of PGV, the Department of Anthropology of the 
Bernice Pauahi Bishop Museum performed an archeological 
3-134 
D902201D.840 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
reconnaissance survey of specified lands (Tax Map Key 1-4-01:1, 
1-4-01:2, and 1-4-01:19) in the Kapoho area in January 1984. The 
purpose of the survey was to determine the presence or absence 
and general nature of any archeological resources evident on the 
surface of the project area. A copy of the study can be reviewed 
by the public at the Historic Sites Section of the Department of 
Land and Natural Resources (DLNR). The DLNR reviewed the study 
and concluded that the project will not have an effect on 
historic sites. 
The survey included a systematic walk-through of the site area. 
The area within a 1-mile radius of the immediate survey area was 
also investigated on a less intensive basis. No archeological 
sites were located during the reconnaissance survey. 
No further archeological work is planned prior to development 
because of the lack of surface remains and the highly unlikely 
event that subsurface remains will be encountered during the 
construction phase of this project. However, if construction 
activities expose any cultural remains, PGV will consult with the 
state Historic Preservation Office, and a qualified archeologist 
will be contracted to monitor further work and implement 
appropriate mitigation procedures. 
The proposed geothermal wells and power plant are located in 
Kilauea Volcano's East Rift Zone, part of Pele's traditional 
home. Some worshippers of the goddess Pele believe that 
withdrawing steam from the volcano would desecrate her body. 
Consequently, an appeal was filed on decisions by the State Board 
of Land and Natural Resources (BLNR) to allow geothermal 
development in approximately 9,000 acres of the Wac Kele 0 Puna 
forest area, about 8 miles up-rift from the project site. The 
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challenge was brought on the grounds that the development would 
interfere with the plaintiff's constitutional rights to practice 
their religion (Pele worship). However, the Hawaii supreme Court 
~ubsequently ruled that the plaintiffs had not shown that 
geothermal development would infringe on their religious 
practices. The Court therefore denied the appeal and upheld the 
BLNR decision allowing geothermal development. Subsequently, the 
Pele Defense Fund asked the U.S. Supreme Court to consider the 
same case, but the Court returned the request without comment, 
indicating it would not hear the case and letting the state court 
ruling stand. 
Although some native Hawaiians have opposed geothermal 
development on religious grounds, other Hawaiians have accepted 
it and found the use of geothermal energy consistent with 
traditional approaches to the utilization of natural resources. 
The proposed closed binary cycle, which returns all geothermal 
fluids to the reservoir, is more in keeping with Pele's 
admonition not to remove rocks and volcanic material from Hawaii. 
PGV respects Hawaiian religious beliefs, and its operations will 
not interfere with local religious practices. Hawaii religious 
figures have previously blessed the drilling of wells and the 
installation of major pieces of equipment at Puna, and PGV plans 
to continue this practice. 
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AAQS 
ACGIH 
AMSL 
ANSI 
Ar 
As 
BACT 
B 
BLNR 
BOP 
Br 
Ca 
CFR 
Cl 
co 
co. 
co, 
dB 
dBA 
DBED 
DLNR 
APPENDIX A - LIST OF ABBREVIATIONS 
Ambient Air Quality Standard 
American Conference of Governmental Industrial 
Hygienists 
Above Mean Sea Level 
American National Standards Institute 
Argon 
Arsenic 
Best Available Control Technology 
Boron 
Board of Land and Natural Resources, State of Hawaii 
Blowout Prevention Equipment 
Bromide 
Calcium 
Code of Federal Regulations 
Methane 
Ethane 
Chloride 
Carbon Monoxide 
Carbon Dioxide 
Carbonate 
Decibels 
Decibel, A-weighted 
Department of Business and Economic Development, State 
of Hawaii 
Department of Land and Natural Resources, State of 
Hawaii 
DOH Department of Health, State of Hawaii 
r 
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DOSH 
DPED 
EIS 
EPC 
ERZ 
F 
"F 
Fe 
gpm 
GLC 
H• 
HCO, 
HELCO 
He 
Hg 
HGP-A 
APPENDIX A 
(continued) 
List of Abbreviations 
Department of Occupational Safety and Health. State of 
Hawaii 
Department of Planning and Economic Development 
Environmental Impact statement 
Estimated Permissible Concentrations 
East Rift Zone 
Fluoride 
Degrees Fahrenheit 
Iron 
Gallons per minute 
Ground Level Concentration 
Hydrogen 
Bicarbonate 
Hawaii Electric Light Company 
Helium 
Mercury 
Hawaii Geothermal Project - Abbott 
HRS Hawaii Revised Statutes 
H2S Hydrogen Sulfide 
HVAC 
Hz 
I 
Heating, Ventilating and ~r Conditioning 
Hertz, Equivalent to Cycles per Second 
Iodide 
KLP Kapoho Land Partnership 
KS Kapoho State (Wells) 
Kilovolt 
Pounds per Hour 
kV 
lbjhr 
Loo Sound Pressure Level Exceeded 90% of the Time During a 
Given Time Period 
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r.... 
LERZ 
Li 
Lp 
M 
Mg 
mg 
mg/1 
mgjm' 
Mi 
APPENDIX A 
(continued) 
List of Abbreviations 
Equivalent Sound Level During a Given Time Period 
Lower East Rift Zone 
Lithium 
Sound Pressure Levels 
Meters 
Magnesium 
Milligrams 
Milligrams per Liter 
Milligrams per cubic meter 
Mile 
Mn Manganese 
mph Miles per Hour 
Ms Modified Mercalli Scale 
MSL Mean Sea Level 
MW Megawatt 
MWH Megawatt Hour (Power) 
N2 
NAAQS 
Na 
NaOH 
NH, 
NCG 
NO, 
NWS 
O&M 
OSHA 
pCi/1 
PE 
Nitrogen 
National Ambient Air Quality Standards 
Sodium 
Sodium Hydroxide 
Ammonia 
Noncondensable Gases 
oxides of Nitrogen 
National Weather Service 
Operation and Maintenance 
Occupational Safety and Health Administration 
Picocuries per liter 
Precipitation Evaporation 
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PEL 
PGV 
ppm 
ppmv 
ppmw 
psi 
psi a 
psig 
s 
sio. 
so. 
so, 
STEL 
TDS 
TLV 
TPC 
TSP 
TSS 
~g 
~g/m3 
UIC 
USDW 
yr 
APPENDIX A 
(continued) 
List of Abbreviations 
Permissible Exposure Limit 
Puna Geothermal Venture 
Parts per Million 
Parts per Million-Volume 
Parts per Million-Weight 
Pounds per Square Inch 
Pounds per Square Inch-Absolute 
Pounds per Square Inch-Gauge 
Elemental Sulfur 
Silica 
Sulfur Dioxide 
Sulfate 
Short-Term Exposure Limit 
Total Dissolved Solids 
Threshold Limit Value 
Thermal Power Company 
Total Suspended Particulates (Air) 
Total Suspended Solids (Water) 
Micrograms 
Micrograms per Cubic Meter 
Underground Injection Control 
Underground Source of Drinking Water 
Year 
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APPENDIX B - WELL DRILLING AND COMPLETION PROGRAM 
1. Well Design 
The planned production well design is shown in Figure B-1. 
2. Drilling Program 
2.1 Prepare 10 ft. x 10 ft. x 8 ft. deep cement-rebar 
wellhead cellar on existing location. Set 30-inch 
conductor pipe through cellar floor. 
2.2 Move in Drilling Contractor's rig; drill and set 
rathole. 
2.3 
(a) Notify Hawaii Board of Land and Natural Resources 
(BLNR) 24 hours prior to commencement of drilling. 
(b) Confirm compliance with all permit requirements. 
Spud hole with 17~ inch bit and mud drilling 
drill into top 20 feet of ground water zone. 
sample ground water. 
fluid; 
Stop and 
2.4 Drill ahead to 800 foot depth. Open hole to 26 inch. 
Control loss of circulation (LOC) with loss circulation 
material (LCM) ; cement severe lost circulation zones if 
required. 
2.5 Run 20 inch, 94 pound H-40 Buttress coupled casing to 
800 feet. Single stage cement with 40 percent silica 
flour; use appropriate excess slurry. Be prepared to 
cement the 20-30 inch annulus with from the surface. 
Hold casing in tension during annular cement job. Wait 
on cement (WOC) 8 hours. 
2.6 Install 20 inch blow-out prevention equipment (BOPE) 
consisting of 20" casing head flange with 2 each 3'' 
outlets for kill line and blow down line, 20'' annular 
preventer and top mating flange and pitcher nipple 
assembly (see Figure B-2). 
B-1 
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APPENDIX B 
(continued) 
Well Drilling and Completion Program 
Notify the Chairman of the BLNR in advance of the BOP 
test so that a designated representative can witness 
the test. 
Test BOP assembly to 500 psig. Enter test results on 
contractor and operator daily reports. 
2.7 Install mud logging service before drilling out 20" 
casing. Record: continuous mud in and out 
temperatures, H,s, CH., co,. lithology, and drilling 
rate. Have pit level indicator and intercom to driller 
stations. Catch four sets of 50 gram dry sample every 
20 feet. Make daily copies of the mud log, keeping one 
copy up to date and available on site. 
2.8 Drill 17~ inch hole to 2000 foot depth with mud 
drilling fluid. Survey wellbore every 200 feet, or on 
bit change. Use LCM or cement to control LOC as 
necessary. 
2.9 Run 13 3/8 inch, 61 pound k-55 Buttress thread coupled 
casing to 2000 feet. Cement with 2200 cubic feet 
cement mixed 1:1 perlite, 40% silica flour, followed by 
320 cubic feet cement mixed with 40% silica flour 
(note; provides for 100% excess). woe 12 hours. If 
annular cement placement (top job) is needed hold 
casing in tension until final woe is finished (i.e. do 
not release casing until cement is set at surface). 
2.10 Install 13 5/8 inch BOPE consisting of the following 
items: 13 3/8" 900# casing head flange, 13 5/8" 
3000 psi double gate BOP, 3000 psi double gate BOP, 
3000 psi annular preventer, mating flange and riser 
with pitcher nipple (see Figure B-3). Hook up kill 
lines and blow down lines. Casing head welding to be 
performed with pre- and post-flange heating by a 
certified welder. 
Notify the Chairman of the BLNR in advance of BOP test 
so that a designated representative can witness the 
test. 
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APPENDIX B 
(continued) 
Well Drilling and Completion Program 
Pressure test BOP assembly to 1000 psig. Record 
results on contractor and operator's daily reports. 
Confirm drill site location and operation of all H,S 
safety equipment. Put all drill site personnel through 
H,S safety review including equipment downing by each 
person. 
2.11 Drill out cement with 12~ inch mill tooth bit. Pull 
out of hole, pick up button bit and drill 12~ inch hole 
to 2500 feet with mud. Run deviation survey every 
200 feet. 
2.12 Pull out of hole and pick up 12~ inch directional type 
button bit, mud motor, 4° bent sub, monel drill collar 
and additional collars and drill pipe as needed. Build 
angle at 2-3° per 100 feet in desired direction for 
approximately 100 - 200 feet with mud motor. Pull out 
of hole and pick up bottom hole assembly with 12~ inch 
button bit, near bit reamer, 2 each 9" drill collars, 
string stabilizer, shock sub, additional 9 11 and 8 11 
drill collars, heavy weight drill pipe as needed. 
Build hole angle to 16° and hold to 4000 feet TVD. Run 
deviation and direction surveys as necessary (every 20 
to 100 feet). Keep mud motor on location and use as 
necessary to maintain angle and hole direction. 
Maximum dog leg to be 2°/100 feet. Use soft banded 
drill pipe for drill pipe that is located inside the 
13 3/8 inch casing. Ream hole as necessary as judged 
by several short trips and deviation data. Use LCM or 
cement to control LOC as necessary. 
2.13 Run 9 5/8 inch, 47 pound, C-90, VAM-AF (or equivalent) 
casing to bottom of 12~ inch hole (±4000ft). Use 
centralizers every 120 feet through deviated portion of 
hole. Cement with 1850 cubic feet cement mixed with 
1:1 perlite, 40% silica flour followed by 100 cubic 
feet cement mixed with 40% silica flour (provides for 
100% excess). Wait on cement 12 hours. If annular 
(top) job is needed, hold casing tension until cement 
is set to surface. 
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APPENDIX B 
(continued) 
Well Drilling and Completion Program 
2.14 Install wellhead assembly and BOPE. 
If aerated mud or aerated water drilling is planned, 
wellhead and BOP will consist of 13 3/8" x 9 5/8", 900# 
WKM types expansion spool (or equivalent), 10" 900# 
gate valve, 10" 3000 psi single gate BOP with steel 
pipe ram, 10" 3000 psi banjo box with 10" 3000 psi 
hydraulically actuated throttle valve on banjo box side 
outlet, 10" 3000 psi x 13 3/8" 3000 psi spool, 13 3/8'' 
3000 psi double gate BOP with steel pipe ram and blind 
ram, 13 3/8" 3000 psi annular preventer, and rotating 
head on top (see Figure B-4). 
If mud or water drilling is planned, assembly will 
consist of 13 5/8" x 9 5/8" expansion spool, 10" valve 
as above, 10" x 13 3/8" spool and 13 3/8" double gate 
BOP and 13 3/8" annular preventer, mating flange and 
rizer with pitcher nipple (see Figure B-5). 
Notify the BLNR and test BOP. 
2.15 Pick up 8\" mill tooth bit and drill out cement from 
casing. Pull out of hole, pick up bottom hole drilling 
assembly. Drill 8\" hole with aerated mud or aerated 
water (or mud/water) to ±7000 feet. Take directional 
surveys approximately every 100-150 feet. Condition 
hole and make several short trips to insure no fill on 
bottom of hole. 
2.16 Pull out of hole and pick up ±3070 feet of 7" 
29#/ft-L80 BT&C slotted casing with double slip liner 
hanger and 7" tieback set on top, and 7" guide shoe on 
bottom. Casing to be slotted from 4000'- 6950'. Set 
liner hanger at ±3880 feet (120' above bottom of 9 5/8" 
casing). Leave approximately 50' of open hole below 
bottom of casing for thermal expansion and debris. 
2.17 Run in hole with 3 1/2" drill-pipe and circulate out 
mud with water. 
2.18 Rig down BOP and nipple up wellhead consisting of 
[expansion spool and one 900# 10" gate valve were 
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APPENDIX B 
(continued) 
Well Drilling and Completion Program 
attached in (2.14) above] 1 additional 900# 10" gate 
valve, 10" 900# flow tee with 900# 10" gate valve on 
side outlet and 3" 900# swab valve on top of tee (see 
Figure B-6). 
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--
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-· 
±.. 
_, ~ 
3880 feet .. .• 
•' ~ 9 SAl" 47# X 7" 29# l-80 casing hanger 
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±.. 4000 feet 
7" 29# l-80 BT&C slotted liner 
hung uncemented 3880-7000' 
8 1 r.!" Hole 
±.. 6950 feet 
~ ±.. 7000 feet 
Figure B-1. Typical Puna Geothermal Venture Project Well Design 
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P~cher nipple and flowline 
1+------20" Annular BOP 
c~::::::i-=:---=:--20" casing head flange 
Two 3" side outlets 
and valves 
14------- 20" casing 
Figure B-2. 20" BOP Configuration 
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Pitcher nipple and flowline 
M------t3 3/8" Annular BOP 
13 3/8" Casing head 
with two 3" side outlets 
...-------13 3/8" Casing 
Figure B-3. 13 3/8" BOP Configuration 
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1+----- Rotating head 
Flowline 
Single gate BOP wUh pipe 
and blind rams 
Crossover spool 
+-------master valve 
Figure B-4. 9 5/8" BOP Configuration, Aerated Mud Drilling 
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Pitcher nipple and flowline 
11<011---13 3/8" Casing head 
Figure B-5. 9 5/8" BOP Configuration, Mud Drilling 
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4 10" Valve 
+--------- 1 o· Master valve 
+--------- 1 o· Master valve 
1+---- Double 3" side valves 
14-----13 3/8" Casing head 
Figure B-6. Final Wellhead Configuration 
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APPENDIX C - PHOTOGRAPHS OF GEOTHERMAL POWER PLANTS 
WHICH UTILIZE ORMAT ENERGY CONVERTER UNITS 
C-1 
I ' 
How the ORMAT® 
Geothermal Power Plant Works 
AIIORMA"f® Geothermal Power Plant equipment packages are self-contained, 
fully automatic, producing grid compatible power. Like steam power plants, 
the OR MAT® system is based on the Rankine Power Cycle but uses an organic 
working fluid which has the advantage of being more efficient than steam 
when operating on low to moderate temperature geothermal fluids. The 
working fluid is selected to optimize the power output from given geothermal 
well water temperature and flow. Under production conditions, the working 
fluid is vaporized by the heat of the steam flowing through the vaporizer. The 
vapor expands as it passes through the organic vapor turbine which is 
coupled to the generator. The exhaust vapor is subsequently condensed in a 
water-cooled condenser or air cooler and is recycled to the vaporizer by the 
motive fluid cycle pump. 
CONTROLS 
GENERATOR 
TURBINE 
VAPORIZER --' 
FLUID 
PUMP 
CONDENSER 
CONDENSER 
••• 
• • 
FLUID PUMP 
-
- - ~ 
' ... ~. 
""'-"~ -k~ 
' ....... ' ,. ... 
ORMAT BINARY GEOTHERMAL POWER PLANT 
-------- ------~-
ORMESA GEOTHERMAL NO. 1 
Located in Imperial County, California, this 30 
MW (gross) modular power plant comprises 26 
OECs arranged in three cascading levels. 
The power is wheeled by the Imperial Irrigation 
District (liD) for sale to Southern California 
Edison Company (SCE). 
h . ' .• ' '1 
I 
l 
ORMESA GEOTHERMAL NO. 2 
Also located in Imperial County, California, 
Ormesa Geothermal II is the sister project to 
Ormesa Geothermal!. This 20 MW plant consists 
of 20 OECs and was constructed and brought 
on-line within seven months. Power is sold to 
Southern California Edison Company. 
SODA LAKE GEOTHERMAL 
Located near Fallon, Nevada, this 3.6 MW 
(gross) geothermal power plant includes three 
Ormat Energy Converters. The plant was com· 
pleted and brought on-line in December 1987, 
and is presently selling electricity to Sierra 
Pacific Power Company. 
TAD'S ENTERPRISES 
Located near Wabuska, Nevada, this 1.76 MW 
(gross) plant is Ormat's first commercial geo· 
thermal application in the United States. The 
first unit, rated at 800 kW, was installed in 1984; 
the second unit, rated at 960 kW, was placed 
on-line in May 1987. The geothermal fluid inlet 
temperature is about 223'F. The plant is owned 
by Tad's Enterprises. Power is sold to Sierra 
Pacific Power Company. 
COVE FORT 
GEOTHERMAL NO. 1 
This 3.2 MW power plant is located in Sulphur· 
dale, Utah, and consists of four OECs utilizing 
moderate pressure steam. The plant was built 
on a turnkey basis by Ormat for the City of 
Provo and Mother Earth Industries, and was 
commissioned in 1985. 
STEAMBOAT GEOTHERMAL (Cover): Located in Steamboat Springs, Nevada, this 7.4 
MW (gross) air-cooled, modular power plant comprises seven OECs in two cascading levels. Full 
commercial power operation was achieved in 1986. 
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5 Megawatt Solar Pond Power Plant 
~ ,·····.·~ 
Soda Lake Geothermal · Nevada 
---=- ~::­
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Geothermal 
Power Plants 
I 
TAi:.J'S ENTERPRISES, ~~ ... c. 
WABUSKA,NEVADA 
FACT SHEET 
• This power plant is comprised of two Ormat Energy Converter (OEC) Modules. 
• The first unit, shown here, rated at 800 kW, was installed and placed in service in 
1984. 
• The maintenance-free unit has been running unattended at 96% availability. 
• This Ormat Energy Converter is a containerized, self-contained, factory integrated 
unit based on the Organic Rankine Cycle. The unit contains heat exchangers, turbine, 
generator, control ~ystem, valves, safety circuits and piping between components, all 
housed in an ISO 40-foot container frame. 
• The plant operates on geothermal water at a temperature of 223 oF only. The hot water 
is pumped from a depth of 300 feet. 
• Cooling water for condensers is supplied from a cooling pond. Some of the geother-
mal water is used as make-up water for the pond. 
• Power plant flow rates, pressures and temperatures are monitored and controlled for 
optimum system operation. 
• The 480 volt, three-phase 60 Hz electrical power is fed to the grid through a step-
up transformer. 
• Power from the plant is sold to Sierra Pacific Power Company (SPPC). 
• Following the successful operation of the first unit, a second 960 kW unit was placed 
in service in 1987. 
• Ormat has been designing and manufacturing innovative power plants based on the 
Organic Rankine Cycle Technology since 1965. Over 3,500 Ormat Energy Conver-
ters are currently in use worldwide. 
ORMAT® 

STEAMBOAT GEOTHERMAL 
STEAMBOAT SPRINGS, NEVADA 
FACT SHEET 
• 5.2 MW (net) modular power plant comprised of seven Ormat Energy 
Converter (OEC) Modules. The power plant was designed and built on a 
turnkey basis by Ormat. 
• The modular power plant operates on liquid domina ted source at 338°F to 
345°F. It utilizes dry air condensers to condense the organic fluid, as no 
makeup water is available. 
• Construction was initiated in October 1985. Full power production 
commenced in late 1986. 
• The project is owned by Far West Hydroelectric Fund and operated by 
Ormat Inc. The power is sold to Sierra Pacific Power Company (SPPC). 
• The current availability factor is 90%. 
• Power plant flow rates, pressures and temperatures are computer mon-
itored and controlled for optimum system operation. 
• The power is generated by the 1200 kW OEC's at 600 volts, three-phase 60 
Hz and is fed to the grid through step-up transformers. 
• The anticipated useful life of the plant is 30 years. 
• The plant was designed for failsafe, automatic operation. 
• The Ormat Energy Converter Modules are containerized, self-contained, 
factory integrated units based on the Organic Ran kine Cycle. They include 
heat exchangers, turbine, genera tor, control system, valves, safety circuits 
and piping between components all in an /SO 40-foot container frame. 
• Ormat has been designing and manufacturing innovative power plants 
based on the Organic Rankine Cycle Technology since 1965. Over 3,500 
Ormat Energy Converters are currently in use worldwide. 
ORMAT 

COVE FORT GEOTHERMAL NO. 1 
SULPHURDALE, UTAH 
FACT SHEET 
• The Cove Fort power plant was designed and built on a turnkey basis by 
Ormat Inc., for the City of Provo Municipal Utility and Mother Earth 
Industries. 
• The plant was commissioned in September 1985. 
• Phase I of the power plant consists of fourOrmat EnergyConverter(OEC) 
Modules. The ne~ generated power varies from 2.5 to 2. 7 MW 
• The OEC units operate on condensing steam with a significant non-
condensible gas content. 
• The current availability factor exceeds 90%. 
• Power plant flow rates, pressures and temperatures are computer monitored 
and controlled for optimum system operation. 
• The computer control system incorporates remote diagnostic and 
monitoring capabilities. Real-time system and operating data received by 
the City of Provo's main control center. 
• Cooling water system incorporates a mechanical draft cooling tower. 
• Phases II and Ill will incorporate additional Ormat Energy Converters in 
series with back pressure steam turbines. 
• Ormat has been designing and manufacturing innovative power plants 
based on the Organic Rankine Cycle Technology since 1965. Over 3,500 
Ormat Energy Converters are currently in use worldwide. 
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ORMESA I GEOTHERMAL POWER PLANT 
EAST MESA, CALIFORNIA 
FACT SHEET 
• 24 MW (net) modular power plant comprised of 26 Ormat Energy 
Converters (OECs) in three cascaded levels. 
• Power plant flow rates, pressures and temperatures are computer monitored 
and controlled for optimum system operation. 
• The Ormat Energy Converter Modules are containerized, self-contained, 
factory integrated units based on the Organic Rankine Cycle. They include 
heat exchangers, turbine, generator, control system, low voltage switch-
gear, valves, safety circuits and piping between skid-mounted components. 
• Power is wheeled by the Imperial Irrigation District (liD) for sale to 
Southern California Edison (SCE). 
• Construction commenced July 1986. 
• Synchronized to the grid in December 1986. 
• Ormat has been designing and manufacturing innovative power plants 
based on the Organic Rankine Cycle Technology since 1965. Over 3,500 
Ormat Energy Converters have been supplied worldwide. 
• Ormesa II, 16.5 MW (net), under construction as of August 1987. 
8~ ~., ORMAT 

ORMESA II 
GEOTHERMAL POWER PLANT 
EAST MESA, CALIFORNIA 
FACT SHEET 
• 20 MW (gross) modular power plant comprising 20 Ormat Energy Converters 
(OECs) arranged in two cascaded levels. 
• Geothermal field consisting of seven production and four injection wells. 
• Power plant and geothermal well flow rates, pressures and temperatures 
are computer monitored for optimum system operation. 
• The Ormat Energy Converter Modules are containerized, self-contained, 
factory integrated units based on the Organic Rankine Cycle. They include 
heat exchangers, turbine, generator, control system, low voltage switch-
gear, valves, safety circuits and piping between skid-mounted components. 
• Power is wheeled by the Imperial Irrigation District (liD) for sale to 
Southern California Edison. 
• Power plant construction and geothermal field development commenced 
in June 1987 and were completed within seven months. 
• Synchronized to the grid in December 1987. 
• Ormat has been designing and manufacturing innovative power plants 
based on the Organic Rankine Cycle Technology since 1965. Over 3,500 
Ormat Energy Converters have been supplied worldwide. 
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4. 
APPENDIX D - PRELIMINARY EMERGENCY PLAN OUTLINE FOR 
CONSTRUCTION AND OPERATIONS 
Section 
Introduction 
Facility Description and 
Operation 
Outside Emergency Services 
onsite Emergency 
Responsibilities 
Comments 
Define purpose and scope of 
plans. 
Identify potential emergency 
situations. 
Describe coordination 
agreements with outside 
organizations and services 
available. 
Define chain of command and 
specific responsibilities of 
security, maintenance, and 
management personnel. 
5. Potential Project Hazards 
5.1 Well Blowouts 
5.1.1 Onsite 
Prevention 
Equipment 
5.1.2 Warning Systems 
5.1.3 Control 
Measures 
D-1 
Describe emergency 
equipment/systems, location, 
use. Identify personnel 
trained in equipmentjsystem 
usage. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
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APPENDIX D 
(continued) 
Preliminary Emergency Plan Outline 
for Construction and Operations 
Section 
5. 2 H,S Hazards 
5.2.1 Onsite 
Prevention 
Equipment 
5.2.2 Warning Systems 
5.2.3 Control 
Measures 
5.3 Isopentane Hazards 
5.3.1 Onsite 
Prevention 
Equipment 
5.3.2 Warning systems 
5.3.3 Control 
Measures 
5.4 Fires 
5.4.1 onsite 
Equipment 
5.4.2 Warning systems 
D-2 
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Comments 
Describe emergency 
equipment/systems, location, 
use. Identify personnel 
trained in equipment/systems 
usage. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Describe emergency 
equipmentjsystems, location, 
use. Identify personnel 
trained in equipment/system 
usage. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Describe emergency 
equipmentjsystems, location, 
use. Identify personnel 
trained in equipmentjsystem 
usage. 
Identify onsite warning 
systems and proper responses. 
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APPENDIX D 
(continued) 
Preliminary Emergency Plan outline 
for Construction and Operations 
Section 
5.4.3 Control 
Measures 
5.5 Pipeline Ruptures 
5.5.1 Warning Systems 
5.5.2 control 
Measures 
5.6 Chemical Spills 
5.6.1 Onsite 
Prevention 
Measures 
5.4.2 Warning systems 
5.4.3 Control 
Measures 
6. Natural Hazards 
6.1 Lava Flows 
6 .1. 1 Design 
Measures 
6.1.2 Warning Systems 
6.1.3 Control 
Measures 
D-3 
Comments 
Identify steps to be followed 
to control emergency. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Describe emergency 
equipmentjsystems, location, 
use. Identify personnel 
trained in equipment/system 
usage. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Discuss design and response 
measures. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
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8. 
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APPENDIX D 
(continued) 
Preliminary Emergency Plan outline 
for Construction and Operations 
Section 
6. 2 Earthquakes 
6.2.1 Design 
Measures 
6.2.2 Warning Systems 
6. 2 . 3 ·. Control 
Measures 
6.3 Hurricanes 
6.3.1 Design 
Measures 
6.3.2 Warning Systems 
6.3.3 Control 
Measures 
Medical Emergencies 
Evacuation Plan 
Authority Notification 
D-4 
Comments 
Discuss design and response 
measures. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Discuss design and response 
measures. 
Identify onsite warning 
systems and proper responses. 
Identify steps to be followed 
to control emergency. 
Identify medical facilities 
and transportation plans. 
Define procedures for 
emergency evacuation for lava 
flow, hurricane, etc. 
Includes meeting points and 
personnel roster. 
Define proper authorities to 
contact and notification 
requirements associated with 
various emergencies. 
Puna Geothermal Venture Project 
Geothermal Resource Permit Application Amendment 
APPENDIX D 
(continued) 
Preliminary Emergency Plan outline 
for construction and Operations 
Section 
10. Media Notification 
11. Emergency Reporting and 
Recordkeeping. 
12. Hazard Check List 
D-5 
Comments 
Identify personnel who can 
make statement of what 
happened and what is the 
threat to the public. 
Identify personnel who are 
responsible for notifying the 
media. 
Specify compliance measures 
with regulatory requirements. 
Describe reporting and 
recordkeeping procedures. 
Provide a check list to help 
define the emergency, the 
selection of control 
measures, when to evacuate, 
and when to notify outside 
services and agencies. 
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2 THERt·1AL POI.-lER 
Mr. William w. Paty, Chairperson 
Board of Land and Natural Resources 
Kalanimoku Building 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
Re: Geo~hermal Mining Lease R-2 - Amendment to Plan of Operation for 
the 25 MW Puna Geothermal Venture Project 
Dear Chairman Paty: 
AMOR VIII Corporation (AMOR VIII), as designated operator for Geothermal 
Mining Lease R-2, hereby requests that the Board of Land and Natural 
Resources (BLNR}, pursuant to Department of Land and Natural Resources 
(:oLNR) Administrative Rul.es, Title 13, Chapter 183, Sections 55 and 56, 
accept this letter and its attachment as an amendment to the previously 
submitted Plan of Operation (Plan) for the 25 MW Puna Geothermal Venture 
Project (PGV Project) power plant and associated geothermal wellfield. 
The PGV project is proposed for Geothermal Mining Lease R-2, which is 
located in the Kapoho section of the Kilauea tower East Rift Geothermal 
Resources subzone in the Puna District of the Island of Hawaii. The 
project will sell the generated electricity to the Hawaii Electric Light 
company (HELCO} for use on the Island of Hawaii. 
On December 6 1 1986 1 Thermal Power Company (TPC), then the designated 
operator of the ~una Geothermal Venture partnership, submitted a Plan of 
Operation to the BLNR for the PGV Project. The BLNR deferred processing 
of the PGV Project Plan while TPC, at TPC's request, proceeded with the 
preparation of an Environmental Impact Statement (EIS) for the PGV 
Project. Subsequent to acceptance of the Final EIS for the PGV Project 
by the Hawaii County Planning Department, no further processing of the 
submitted Plan has taken place because the entire interest in the PGV 
partnership was purchased during the first half of 1988 by AMOR VI 
Corporation and AMOR VIII corporation (AMOR Corporations}, two 
wholly-owned subsidiaries of Ormat Energy Systems, Inc. of Sparks, Nevada 
(please refer to letters dated August 2, 1988, October 6, 1988 and 
October 24, 1988 to your office for additional information regarding Puna 
Geothermal venture), 
Since their p~rchase of all the interests to PGV and the PGV Project, the 
AMOR Corporations have reviewed the TPC design of the PGV Project to 
determine if it remains entirely appropriate. As a result of this design 
review, the AMOR Corporations have decided to alter several aspects of 
the PGV Project proposed by TPC to optimize projection operations and 
further reduce the potential for environmental impacts. Principal among 
these proposed changes is the use of back-pressure steam turbines, in 
combination with air-cooled binary cycle turbines, in place of the steam 
turbines and cooling towers proposed by TPC. This proposed power plant 
PUNA GEOTHERMAL VENTURE 
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configuration applies a closed cycle for the geothermal fluid, thus 
eliminating the need for cooling water. Besides essentially eliminating 
hydrogen sulfide emissions, most other environmental impacts from this 
project will be the same as those described in the PGV Project Final ers 
because the AMOR corporations' proposed PGV Project will be located on 
the same site as the PGV Project proposed by ~PC, and will use the same 
well pad locations and the same geothermal resource. 
This amendment to the PGV Project Plan has been prepared to replace, in 
its entirety, the Plan of Operation for the PGV Project submitted to the 
BLNR in December, 1986. The amended Plan consists of this letter and a 
copy of the Geothermal Resource Permit (GRP) application amendment for 
this revised PGV Project, which was submitted to the Hawaii County 
Planning Department on December 30, 1988, as the GRP application 
amendment contains -all the information required in Title 13, Chapter 183, 
"Rules on Leasing and Drilling of Geothermal Resources,• Section 55, 
"Plan of Operation Required." The following concordance compares the 
information reguitements of Section 13-183-55 with the sections of the 
Puna Geothermal venture GRP application amendment: 
"(1) The proposed location and elevation above sea level of 
derrick, proposed depth, bottom hole location, casing 
program, proposed well completion program and the size 
and shape of drilling site, excavation and grading 
planned, and location of existing and proposed access 
roads;" 
The locations and elevations of the six proposed wellpads on which the 
150-foot derrick will be placed are discussed in Section 3.2.1.1. 
Wellpads and Access Roads. This section also describes the size and 
shape of the drilling sites and the location of the existing and proposed 
access roads, Project elevations are discussed in Section 3.4. 
Elevation of Structures. 
The proposed depth, bottom hole locations, casing program, and the 
proposed well completion program are discussed in Section 3.2.1.2. Well 
Drilling, Appendix B contains additional information on the well casing 
and well completion program. Information on injection casing is 
contained in Section 3.2.1.6. Geothermal Fluids Injection System. 
Excavation and grading plans are presented in Section 3.6. Surface 
Disturbance, 
"(2) Existing and planned access, access controls and 
lateral roads;" 
The existing and planned access roads are presented in Section 3.2.1.1. 
Well Pads and Access Roads and Section 3.10.8.1. Traffic. Access control 
is discussed in Section 3.2.3.6. Fencing and in Section 3.10.6. 
Protection of Public Health and Safety. 
January 18, 1989 
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"(3) Location and source of water supply and road building 
material;" 
No water will be needed for power plant cooling. The location and source 
of water supply for service water is discussed in Section 3.3. Plot and 
Site Plans. No significant amount of road building materials will be 
needed for the project, Most access roads will be improved from existing 
agricultural roads, and only Wellpad F will require a new road. 
"(4) Location of camp sites, air-strips, and other 
supporting facilities;" 
The location of the temporary construction yard is shown on Figure 2-1. 
No air strip or oth~~ supporting facilities are proposed for the project. 
"(5) Other areas of potential surface disturbance;• 
Surface disturbance is discussed in Section 3.6. surface Disturbance. 
"(6) The topographical features of the land and the 
drainage patterns;• 
Figure 3-2 is a topographical map of the project area. Drainage is 
described in Section 3.2.3.4. Site Drainage Facilities and Section 3.8. 
Geologic Report. 
"(7) Methods of disposing of well effluent and other waste:• 
Section 3.7. Disposal of Well EfflUent and Other Waste discusses disposal 
of geothermal brines, condensate and noncondensable gases as well as 
other wastes, further detail is provided in Section 3.2.1.6. Geothermal 
Fluids Injection System, Well testing effluents are discussed in Section 
3.2.1.3. Well Testing. 
"(8) A narrative statement describing the proposed measures to 
be taken for protection of the environment, including, but 
not limited to the prevention or control of: 
(A) Fires, 
(B) Soil erosion, 
(C) Pollution of the surface and ground water, 
(D) Damage to fish and wildlife or other natural 
resources, 
(E) Air and noise pollution, and 
(F) Hazards to public health and safety during lease 
activities. 
Section 3.10. Environmental Protection is a written description of the 
measures to be taken to protect the environment. It includes the 
following subsections: 3.10.1. Fire Protection: 3.10.2. Erosion Control: 
3.10.3. Protection of sruface Waters and Groundwater; 3.10.4. Protection 
1 ,;,_~'-V;. , : .. ·-L-\...oVI" I l...l", u•v• ''" ·-•--''-' 
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"(9) A geologist's preliminiary survey report on the surface 
and sub-surface geology, nature and occurrence of the 
known or potential geothermal resources, surface water 
resources, and ground water resources;" 
Section 3.8. Geologic Report describes the surface and subsurface 
geology, the nature and occurrence of the known or potential geothermal 
resources, surface water resources and groundwater resources, 
All pertinent information or data which the 
chairperson may require to support the plan of 
operations for the utilization of geothermal resources 
and the protection of the environment;" 
The PGV project GRP~contains additional details on the project, 
particularly in Section 3.2. Project Scope and Description. If the 
chairperson requires further information, it will be provided upon 
request • 
• (ll) Provision for monitoring deemed necessary by the 
chairperson to insure compliance with these rules for 
the operations under the plan.• 
Section 3.12. Monitoring Plans lists the monitoring activities proposed 
by PGV to show compliance with regulations. This discussion includes the 
following subsections: 3.12,1. Meteorological antl Air Quality 
Monitoring; 3.12.2 Noise Monitoring; 3.12.3. Biological Monitoring; and 
3.12.4. Compliance with Regulations, including the DLNR regulations in 
Chapter 183, 
The plot plan and other drawings have been reduced for ease of copying. 
4arger size drawings are available if the DLNR staff requires them for 
their review. In addition, fourteen additional copies of the attachment 
to this letter, the PGV Geothermal Resource Permit application amendment, 
have been delivered under separate cover to the staff of the DLNR to 
facilitate the BLNR's review of the Plan, 
Please do not hesitate to contact me if you have questions concerning the 
PGV Project or if we can be of any assistance in your timely review and 
approval of the Plan of Operation. 
Sincerely yours, 
" A. Richard 
ated Agent 
cc: 
Geothermal Subzone 
Kilauea Middle East Rift Zone 
The Puna forest in the Kilauea East Rift 
Zone of the Big Island consists of 60,000 
contiguous acres and is one of several rain 
forests in the state of Hawaii. In 1985 the 
State requested a biotic assessment of the 
Puna forest that enabled biologists to map 
the area's vegetation. 
Results of the assessment showed a large 
expanse of pristine forest in Kahauale'a 
with ohia and other native flora. Several 
small areas of pristine forest were also 
located in Wao Kele 0 Puna. Outside 
these areas, the Puna forest hosts native 
flora that has been invaded, to varying 
degrees, by alien species such as the 
strawberry guava, which inhibit the 
growth of native species. 
Community residents, environmentalists, 
the National Park Service and the State 
The Pro-Geothermal Alliance 
Land Board encouraged preservation of 
Kahauale'a and the relocation of a 
Geothermal Resource Subzone that was 
designated within its boundaries. They 
proposed a land exchange that moved 
geothermal development to a site within 
27,000 acres of less pristine land in Wao 
Kele 0 Puna and placed the 25,000 acres 
of Campbell Estate land in Kahauale'a 
under State control. An agreement was 
reached at the end of 1985, and the ex-
change was completed in early 1986. 
Besides the geothermal subzone shown 
on this map, the Big Island also has a 
sub-zone in Pohoiki, just outside the rain 
forest. Geothermal development in Wao 
Kele 0 Puna is being kept away from 
pristine ohia areas and is expected to 
utilize less than 1 percent of the land area 
in the Puna forest. 
~ ProGEO 
~ 737 Bishop Street, Suite 2880 • Honolulu, Hawaii 96813 
N 
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Volcanoes National Park 
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True/Mid-Pacific 
Well Site 
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Geothermal Subzone 
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• Pristine Ohio Forest 
(see explanatory caption on reverse side) 
Geothermal Site 
Kilauea Middle East Rift Zone 
Data from the 1985 Puna Geothermal Area Bio~c Assessment Report 
Prepared for ~e Hawaii State Deportment of Planning and Economic Development 
by the Department of Botany, University of Hawaii at Manoa 
© 1990 The Pro-Geothermal Alliance, 737 Bishop Street. Suite 2880. Honolulu. HI 96813 
Reproduction by permission only. 
The Pro-Geothermal Alliance 
invites to you to an 
informational session on 
GEOTHERMAL INDUSTRY 
DRILLING TECHNOLOGY 
AND SAFETY 
with 
Gerald M. Hamblin 
District Drilling Superintendent 
UNOCAL Geothermal Division 
at 4:00p.m. 
Friday, November 15, 1991 
Kapolei Room, 6th Floor 
James Campbell Building 
828 Fort Street Mall 
UNOCAL is the world's largest producer of geothermal energy. The company supplies 
natural steam to power more than 1. 7 million kilowatts of electrical generating capacity in 
the United States and the Philippines. For more than 25 years, Unocal has pioneered new 
technology in drilling, production, and reservoir engineering of geothermal resources. 
Unocal is also exploring geothermal resources in Indonesia and other Asian, African and 
Latin American countries. 
GERALD M. HAMBLIN, District Drilling Superintendent for Unocal's Geothermal 
Division, oversees Unocal's domestic drilling operations and international exploration 
projects. His primary responsibility is to ensure safe and environmentally acceptable 
operations. His 14 years of experience in drilling operations covered projects in California, 
Nevada, Idaho, New Mexico and Utah. He also has been involved in projects in Indonesia 
and the Philippines. 
Pupus and refreshments will follow. Please respond by calling Jan Kadooka at 544-3212. 
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i.!> beins used today to produee. 
ele.c.triCJty and .for dire.c.t he.atiro9. 
fZ.eservoir.!> o.f hot 
water and/or 
.!>team are trapped 
in .fractured rock. 
or sediment in the 
earth'.!> cru.!>t. 
!here are :z. ~rod.!> 
o.f hydrothermal 
well.!>: 
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PP..Y STEN4 
("hot .!>team") WSllS 
To release the steam from the 
reservoir, a deep hole is drilled 
and a pipe is inserted. After solid 
particles are filtered out, the 
steam is used to turn the blades 
of a turbine and generate 
electricity. 
• Dry steam is the most widely 
used source of geothermal 
energy for electrical generation. 
However, the number of poten-
tial dry steam sites is very 
limited. 
• It's the type of power harnessed 
at The Geysers in California and 
at Lardarello, Italy. 
tiO'f WATEfl. WILlS 
The water and steam found ... } _ 
in these wells can be used 
to make electricity in 1 of 2 
ways: 
0 THE STEAM IS 
SEPARATED FROM THE 
WATER in a special 
vessel and is then used 
to drive a turbine. The 
water that remains is 
usually injected back into 
the earth. (This is known 
as the "flash" method.) 
0 THE HOT WATER IS 
USED TO HEAT 
ANOTHER LIQUID that 
has a lower boiling point. 
The liquid turns into a 
gas, which is used to turn 
a turbine. The original hot 
water is returned to the 
earth. (This is called the 
"binary cycle" method.) 
Hot water wells are a grow-
ing source of geothermal 
energy. They are in use 
today in Southern California, 
Nevada and along the 
Pacific Rim. 
Learn about other types 
o.f seothermal eroersy 
beins developed .for 
po.!>.!>ible .future u.!>e . . . 
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GI.OTtiEPI'/U. 
In .some area.!:>, magma i.!:> c.lo.!:oe enough to 
the ear+h'.!:> .!:ourfaee to heat roc.l<- eontaining 
little or no water. 
tfO"f PP-Y fZ.Oel' 
Jl"llEAS AN TtiE. 
l'lOS'f ABU,&PAttf 
and widely distributed 
source of geothermal 
energy. However, more 
research is needed to 
determine if these areas 
can become an economical 
source of energy. 
E) GEOPPE&SUPU 
PE&EPVOIP6 
-rhe.!:oe eontain a mix.ture of water' and methane 
(natural ga.!:>). Geop~ured reservoir.!:> are 
found in .!:>and.!:otone that'.!:> .!:oandwiehed between 
layer.!:> of roc.l<-. 
... .,.,.~, u.s., 
some of the largest 
geopressu red 
reservoirs are found 
along the Gulf Coast 
of Texas and 
Louisiana. 
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A'f LOW Ar'P 
f40Pf.PA'f&. 'I'U4Pf.PA'FUP-E6 
(le&£, than 350°F), it ean be. used for: 
tfEAnfiG 
Geothermal energy 
can be used to heat 
a single structure 
(space heating) or 
several buildings in 
the same area (dis-
trict heating). 
tfEA'f PUI'lPS 
Heat pumps can 
be used for space 
heating and cool-
ing. Pumps that 
use geothermal 
energy are much 
more efficient than 
air-source heat 
pumps. 
-
fOOf) 
Pfl.OeE.SSiriG 
Preheating, cook-
ing and drying 
foods, and steriliz-
ing utensils and 
equipment are only 
a few ways to use 
geothermal energy 
in this field. 
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GIIUfltfOUS£S 
Aflf) SOli. 
IIIIAAflllfiG 
Geothermal heat 
can extend the 
growing season in 
cooler climates. 
P~AIZifiG 
!IIIOOf) 
PllOPue;rs 
Geothermal energy 
can heat kilns to 
dry wood for 
lumber, paper, etc. 
AAISifiG FIStf 
Waters warmed by 
geothermal heat 
can expand the 
areas where fish 
farming is profitable. 
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A"f tiiGtl "fE.MPE.PA-rurz.u., 
it can be used to 
generate ele.c.trieity. 
ltl ... OS1' 
UU1'PJC. PLAttrS, 
a fuel (coal, oil or natural 
gas) is burned to heat water 
until it turns to steam. This 
steam is then used to turn a 
turbine and make electricity. 
ltiG£01'tf~ 
PI.Afoi1'S, 
natural steam or hot water 
from beneath the earth's 
surface is used to produce 
electricity. There are no air 
pollutants from burning 
fuels, and there is no need 
to rely on foreign countries 
to provide fuel. 
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Geothermal power plants are an 
e>'trernely reliable souree. of elec.trieity. 
' ~ '" 
0fAP.GfAP. 
Magma iS very hot molten roel<.. 
found below the. earth's crust. 
ltl uP=FAltl 
LOe.Anotls 
in the western continental 
U.S., Alaska and Hawaii, it 
may be possible to extract 
heat from the magma. 
lf4Pil4"U1 
1'UitfiOI.OGY 
and continued 
research are the 
keys to taking full 
advantage of 
these resources. 
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8lfllf1T& OF 
G&oTIIEPI'I'L E.tiEPGY 
Geothermal energy offer£. ~me 
important advantages.. For example: 
Tti~'S UTTU. PO&.WTIOfl 
-rhat's. be.c.aus.e there's, no burning of fos.s.il 
fuels. at geothermal electric. plants.. 
tiOWE.V~, PLAIITS fAAT 
()0 BUIIII FOSSil. FUU$ 
produce large amounts of carbon dioxide 
and other pollutants that have been linked 
to problems such as: 
• ACID RAIN, which may harm fish and 
other forms of life in rivers, lakes and 
streams. It may also damage forests 
and crops, and erode statues, paint 
and building materials. 
• THE GREENHOUSE EFFECT, which 
may lead to a dramatic warming of the 
earth's surface temperature. Such a 
warming could affect plant life, climate, 
water resources and more. 
• POOR AIR QUALITY, which affects us 
all, but can be especially harmful to 
people with heart and lung problems. 
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TtiE. UfiiTf.D STATE6 
• "The Geysers" in Northern 
California is the largest 
geothermal electrical power 
complex in the world. Other 
plants are located in Utah, 
Hawaii, Nevada and Southern 
California (where the use of 
geothermal energy is rapidly 
growing) . 
• Boise, Idaho, is one of the 
leaders in geothermal heating. 
The city began using geothermal 
energy to heat homes in the 
1890s. Klamath Falls, Oregon is 
another city that uses geother-
mal heat to warm homes, 
businesses, a hospital and a 
college. 
• Research and development on 
other geothermal projects are in 
progress. 
~ OF 6E-011-IIS-I>MAI-
eNE.Il6Y I'OT'EN'riAI-
A~~~~- .o 0d""Q 
HAWAII 
"" OftiU-
eouttrfliU 
For example: 
• Mexico 
• the Philippines 
• New Zealand 
• Japan 
• Turkey 
• the Soviet Union 
• China 
• France. 
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Geofi.,errnal power --
P.T 110,_ llfJD 
AllOdfiD Till. lf'IOP l D 
Many c.ountrieb are u~ing or exploring 
geotj.,errnal energy. "J'"I.,e.y include: 
rrA&.Y 1 tee a ~P 
The Italians were the first to see 
the potential for using geothermal 
energy to generate electricity. They 
built a generator at Lardare\lo in 
1904, in a geothermal area that is 
still producing today. 
ICELAND 
0 
The most extensive use of 
geothermal heating in the world 
is on the volcanic island, Iceland. 
Most of the island's homes and 
businesses are heated geother-
ma\ly. Geothermal energy is also 
used to generate electricity, and 
it's used in industry, too. 
.) 
/ 
~llle.aGY~ 
are most prominent along the "Ring of Fire." This is where 
several sections (plates) of the earth's crust meet. It's where most 
of the world's volcanoes are located, and most earthquakes occur. 
A Uf41TED ,'t.e\EA 
IS AFFU1'ED 
A geothermal operation takes 
place in a confined area. Also, 
there's no need for mining or 
transportation of fuel or wastes 
over long distances. 
~; (2] ~!'~ ~m~~t~y 
IT'~ "p.QIJE.WABU!' 
Unlike fossil fuels, geothermal 
resources can replenish them-
selves over time, and with 
careful management. 
IT SAYlE& FO~~Ii, FUE&6 
For example, the use of 
geothermal energy saves 
millions of barrels of oil each 
year! This means: 
• less dependence on foreign 
sources for fuel 
• fossil fuels can be saved for 
other purposes, such as fuel 
for transportation. 
IT'~ A PIELJABU 
~p.e,JE. Of Etle.aGY 
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1'111. Fd1'11N 
of 9eothermal ener9y look.£, bri9ht. 
'fHE. BEII£FITS 
AP£ Gf&E.AT 
• Geothermal energy can be used 
directly at low and moderate 
temperatures (for heating and 
many other purposes). And, it 
can be used indirectly at high 
temperatures (to produce 
electricity). 
• It's a "clean," reliable source 
of energy that can help save vital 
fossil fuels. 
• Local communities can benefit 
economically from the use of 
geothermal energy. 
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For example: 
• Improved technology is 
needed to make some types 
of geothermal energy more 
economical. 
• Careful management of 
geothermal resources is 
essential to ensure they're 
not quickly depleted. 
12-E.SEAI2C.H iS e.xpec.te.O to lead to new 
proc.edure.s and systems that e,qrc~nd 
+t.e use of geotl-.ermal energy. 
' 
:(-
• ~n 
(~I 
w 
Why should I 
aqi011" 
about it 
8e.c.3use tl-.is vast sourc.e of energy 
can be put to use to help 
meet our energy neec!s. 
Geothermal power can help 
our nation become more 
&ti&NY 1 .. 116P&tlll&fl1'. 
TOPAY, 
geothermal 
energy is 
being used 
primarily in the 
western U.S. 
lfiTtiE. 
FUTUfZf., 
research and 
technology may 
make geothermal 
energy available to 
even more areas 
of the country. 
Learn more ... 
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1'14£ YOUfiG 
EA,z:n.l was a 
fiery ball of hqvid 
atxJ gas. As it 
cooled, a" outer 
crvst formed over 
tloe hqvid core. 
MAGMA (molten roc.l<-) 
was left between tloe crvst 
a"d core. ,As it slowly co"ti"ves 
to cool, tloe magma's heat 
iS transferred to tloe roc.l<-y crvst 
above. ThiS heat IS called 
geotloermal energy. 
\1 
It's HeA-r EIII642-GY 
that c.ome.s from 
6e.NSA1"H -rHe. 
~1"14'5 <!.IWS1". 
VISIBL£ Fotli4S of geothermol energy include: 
.. , 
tl01' SPill~ (i,:· (,,.,;,;;.'·i':· 
OJl. AA1'UAAI. 3)-'.~.o·~ ~~e~' water or '<-? .·~"'::'"()---
steam from within d C& h ~ 
'"' """ '""~"· ~ I 
.. •' ... ···:··:··~_-·::--::···, __ 
~~r=;r·.~:: .... ,<l_itl tt1r>> 
aslava. ~\ 
,,~ .'i;>i"'t.' 
J'-',r..v '· _.~d.,~~~~. 
A!.lltr!·.J' 
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GIOTIIEPP/lL E.IIEPGY 
IS /4 GPOif'llfiG 
S.OIJPU OF l,fiEPGYI 
./ UfiPEP61'AtiP 
1'14£ 86fi6F11'S 
of geothermal energy. 
....... \ !,.r ~0~ 
/;):~ 
\L 
./ SIJPpOf&:l' 
G£01'1fEPW'I. 
PJZ.O,IU.1'S 
that can help expand the use 
of geothermal energy . 
Geothermal 
energy iS energy 
for today -- and 
tomorrow! 
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Geothermal, 
A Proven Technology 
Geothermal energy is not new. The technology is 
time tested and steadily improving. The techniques 
for drilling and converting geothermal energy into 
electricity have been steadily evolving since the 
early 1900s. Today over 250 geothermal power 
plants are operating in 21 countries including Italy, 
the Philippines, Japan, Mexico and the 
United States. 
Geothermal power is reliable, renewable and clean. 
It is Hawaii's Great Energy Opportunity. 
What to no 
-Jfyou think geothermal will benefit Hawaii-
* Write letters to government leaders and 
newspapers explaining your point of view. 
* Talk to your friends and neighbors. 
* When you read or hear erroneous 
information about geothermal power, 
correct it yourself or let us know so we can. 
* Join the ProGEO Alliance and help us 
communicate the facts effectively. 
* Communicate the benefits to your 
co- workers and employees. 
~ 
ProGEO 
~ 
The Pro-Geothermal Alliance 
737 Bishop Street, Suite 2880 
Honolulu, Hawaii 96813 
Ph: (808) 523-8808 I Fax: (808) 521-6141 
What's So 
Hot About 
Geothermal 
• 
A Lot. 
Proven 
Type of Energy Environmental Reliability Availability Renewable Large Scale 
Effects in Hawaii Technology 
Oil - + - - + 
Coal - + - - + 
Hydropower + + - + + 
Biomass - + + + + 
Wind + - + + -
Photovoltaic + - + + -
Solar Thermal + - + + -
Nuclear - + - - + 
OTEC + + + + -
·{~@©\fib®Ti:ltii@[ y ? c(? c} "P I 
HOW GEOTHERMAL COMPARES-- This chart graphically il/uslrales the comparative pluses 
ancl minuses of various alternative energy sources. When compared to other alternatives in 
five key areas, Hawaii's geothermal energy gets good marks. 
Hawaii's Quest for 
Alternate Energy 
The 1973-74 Arab oil embargo stranded Hawaii 
without enough fuel. The shortage created long gas 
lines and soaring energy costs. As a result, the state 
government decided to search for and develop alter-
native energy sources to make us less dependent on 
imported sources. Since then, Hawaii has experi-
mented with a variety of energy technologies. 
When the pluses and minuses of the various tech-
nologies available today are compared, geothermal 
shows up as the most feasible and responsible way 
for Hawaii to begin reducing its heavy (90%) depen-
dence on imported fuels. In fact, the State Energy 
Functional Plan targets geothermal as our largest, 
near-tenn source of alternate energy. 
Why Is Geothermal 
So Important? 
First of all, the world's oil supply is a depletable 
resource and worldwide consumption continues to 
grow. In Hawaii, we have a "homegrown" resource 
with geothermal. With it we would not be as 
dependent on imported fuel to power our electrical 
generation system. There are state-designated zones 
on the Island of Hawaii that have underground res-
ervoirs of water heated by magma to temperatures 
as high as 600 degrees Fahrenheit. The steam from 
a geothermal reservoir can be used to produce elec-
trical energy in large quantities. 
• 
i-~~:: f~~ c: E.~ i \/ E 0 
•oGEO The Pro-Geothermal Alliance • 737 Bishop Street, Suite 2880 • Honolulu, Hawaii 96813 Phone: (808) 523-8808 • Fax: (808) 521-6141 
Mr. Manabu Tagomori 
Deputy Director 
October 10, 1991 
Sl Oe115 Pj. 02 
Water and Land Development Division 
Department of Land and Natural 
Resources 
1151 Punchbowl Street 
Honolulu, Hawaii 96813 
Dear Manabu: 
The Pro-Geothermal Alliance was organized to provide current anc 
factual information to the public related to the development anc 
use of Hawaii's geothermal energy. We have attempted to 
disseminate this information through various means, such as 
briefings. 
We believe that government representatives such as yourself may 
find it useful to hear from an expert in geothermal drilling in 
light of the concerns surrounding the June 12 incident at the 
Puna Geothermal Venture well. Mr. Gerald Hamblin, District 
Drilling Superintendent for Unocal's Geothermal Division, will 
speak on the state of the industry's technology and its safety 
record. 
This will be a small, informal briefing for government officialE 
only to ensure that your questions and concerns are fully 
discussed. The following are the details of the briefing: 
Friday, November 15, 1991 
4:00 p.m. 
Kapolei Room, 6th Floor 
James campbell Building 
828 Fort street Mall 
Pupus and ref-:t;"eshments will follow. Parking at the Liberty HouE 
downtown garag~, off Bethel Street, will be fully validated. 
,Please respon~ by calling Jan Kadooka at 544-3212 by Friday, 
November 1. /We hope you will be able to attend. 
/ 
'--- r ' -~~ ..ri"'''"r'""-{''""'""'" 
~("'· '>....,~-~'I"""'r.,•!!f_,.-»Y'"''~, 
01001900/Kl0065 
Clinton R. Churchill 
Chairman, Pro-Geothermal 
Alliance 
Geothermal: Hawaii's Great Energv Opportunih; 
·-,. 
,,' c' 
:-. 
·.,-
... · .. 
."";'4•' .. ·•.: 
. ' .. ·; 
1,' .. 
. ' ~--- '• 
-~- . ' 
.,.·.··' .. 
'< ,r. ' 
. :, 
· .. · •. : 
'·,. ~-' - ,'' / 
·· .. · 
. ~ -· . .'.•' 
. • .... ·.· at4:oo p.m ..• ·. > ·.· 
' ' • •• • • - • • • • • • ~ •,. '· • ' • • r - .. • • •• 
•r"',"'", · November'l5; 1991. 
:Kap6Iei :Room,··iJth':Fiobr ;":-\::, 
James Campbell Building· ... ,,: ·· · · 
828 Fort Street Mall 
' .. ;:; . 
··.:,-
.'· -, ~.: · . 
.. ·l!:::::======================::::i=!.l 
·.: .... t 
,~-l~ . . ,· ~- ~- .. )'-
',. r: :'~-: ... ,· . '···: · .. ..~, _.. 
.. __ ... 
. ·,, 
. ~ ~ .. 
. ,: ... ; .. .• . 
_,.'. <..' .· 
\_ 
· ., , · .. \·.., . · .. • .• ·. r: ... ·. : .. :•.~: ~ .;_~~-:-~ ... ':~ . . , "· •.. ·~,~·-_:.;~~:~.i~~;~)"M_;~ .. · .. ·::· ·,. ;'.~~~ · '·-'·"·t :·.1 •• ( : • • ··.·~. :: ·:·:; :,_:' • 
~Qi;~;~~~b~,i~~d~{I~g~s£P.1~-uce~-!~f~~~~~fffii:e~l~~~~!~t,he··~-~&P~Y. supplies 
:ural steam to power more than .. l. 7 million kilo~att~.'(>f;el,~~rical 'generating capacity in 
: United States andthe Philippines. For more than 25 years, Unocal has pioneered new 
hn<;>logy ill drilling,· · · · ·. ; and res.ervoir; engineering of ·· · · resources . 
. . •is'calso .. . .. . resources ·Indonesia. . . and 
·<' • .' 
. i' r . 
. ,• 
·,Let's.keep energy focused on safe geothermal ;,; 
· THE June 12 blowout at Puna 
Geothermal Venture's !PGVJ site 
has halted geothermal activity 
on the Big Island and reignited 
the debate over the merits of continu· 
ing geothermal exploration in Hawaii. 
The welfare of Hawaii residents must 
always come first and we must do 
everything possible to make sure tbat 
geothermal is developed safely. 
But now, more than ever, with our 
energy needs growing at a steady rate, 
it is imperative that our decisions re-
garding geothermal exploration are 
based on a sensible, safe and long-term 
approach to solving our energy needs 
·-not on isolated incidents. . 
The PGV Incident was a traumatic 
event for residents, the state and coun· 
ty, and the developer. But It does not 
change the fact that Hawaii is bur· 
dened by a 90 percent dependency on 
fossil fuel for energy. The price In· 
VIEW 
POINT 
By Clint 
Churchill 
creases experienced during the Per-
sian Gulf War dramatically under· 
scored Hawaii's vulnerability. 
While other alternative energy 
sources could alleviate some of. our 
need for oil, some sources like wind, 
solar and OTEC are relatively new 
technologies which are not capable of 
providing a firm source of power, and 
others like biomass are as envlronmen· 
tally harmful as oil or coal. 
Geothermal, on the other hand, is an 
IJG.year-old technology used In 21 coun· 
tries. It's clean, reliable and a proved 
technology that is steadily improving. 
It's also here for the long haul. Accord· 
!ng' to a recent progress report by 
Hawaiian Electric Co., with imported 
geothermal power as a viable energy 
source by the turn of the century, it 
could help reduce Hawaii's depen· 
de nee on oil for electricity from 90 
percent to less than 32 percent by the . 
year 2010. · 
In addition to Hawaii's heavy depen• 
dence on fossil fuel, we also need to 
realize that our energy needs will con: 
tlnue to grow. More people and· more 
businesses mean more electricity. Con· 
serving energy is an important alterna· 
tive but, unfortunately, conservation . 
cannot significantly affect Hawaii's 
growing energy needs. Rolling black· 
· outs on the Big Island are only some of 
the effects of an energy system that is 
unable to keep up with growth. 
· The questions remain: Do we .build 
more fossil fuel power plants whieh 
will increase our dependency on oil 
and our reliance on unstable sources 
for electricity? Do we continue to fund 
the construction of coal-burning 
plants, each of which releases 63 per· 
cent more carbon dioxide than oil does 
Into the atmosphere? 
Or do we continue to seek a cleari, 
renewable, reliable source of energy 
available right In our own backyard? 
As stated earlier, the welfare of our 
residents should always be of para· 
mount concern. It is also Important not 
to sacrifice our future. Geothermal can 
be developed safely. It's been proved 
time and time again worldwide. We 
must continue to move forward In a 
safe, responsible manner and not let 
this precious resource slip through our 
fingers. 
. Clint Churehill il chaiTman of the Pro-
Geothermal AUiance. 
HONOLULU STAR-BULLETIN 
October 10, 1991 
Star-:Sulletin October 25, 1990 
Heated geothermal debate can end in harmony 
WHA'l"S so hot about ~eother­mal? A loL Geothermal en· ergy development bas lpal'ked bot debate ill Ha· 
wall, but this Is not the first time 
Hawaii bas witnessed the turmoil that 
l!lllrounds a new development concept 
'Ibe Big Island endured a s!mllar 
experience when plans for an observa· 
tory atop Mauna Kea we.re first pro-
pc.ed In 11167. What would the project 
and Its subsequent dally operatioDll do 
to the delicate balance of the moun· 
talntop eco&)'5tems? Today Mauna Kea 
Observatory stands as one of the ~;~re­
mler working environments for sc1en· 
tilts from around the world, proving 
harmony can be achieved between 
man, technology and nature. 
'Ibe same harmony can be achieved 
with the development of geothermal 
energy. 
Geothermal can be developed safely 
and responsibly. 'Ibe technology bas 
been proved ill 21 countries. Develop-
ment can be entirely compaUble with 
the needs of man and nature. It is 
unfortUDate that everyone does not 
have the opportunity to visit geother· 
mal sites ill Calif ornla and NevadL 
Testilllony from thO&e who have seen 
these plants Is almost universal: 
"What's the big deal?" 
Geothermal makes environmental 
NDse. It Is a dean alternative that uses 
natural steam to generate electricity. 
On the other band, burning oil or coal 
to make steam to gener.te electricity 
produces large amounts of carbon di· 
VIEW 
POINT 
By Clinton R. 
Churchill 
oxide, a major contributor to global 
warming, and other pollutants. 
Geothermal is reliable and renew· 
able. It is the only !ileal source of 
natural energy that can produce elec-
tricity In large quantities 24 hours a 
day, 36S days a year. Geothermal Is 
renewable when mailaged propetly. 
Hawaii's rainfall and volcanic heat cre-
ate extremely favorable conditions 
that give geothermal the potenUal to 
become Hawaii's greatest energy op-
portunity. 
We cannot afford to Ignore a re-
source that will give us local control 
over a local source of energy. 
'Ibe effect of a Middle East crlail on 
the price of oll In Hawaii is not a new 
phenomenon. In 1973-74 and In 1979, 
the Arab oil embargo and Middle East 
wars resulted in the state's decision to 
encourage research and development 
of alternate energy sources such as 
geothermal. Geothermal development 
bas since gone througll more than a 
decade of public discll8lllon with nu· 
merous public bearings, legislaUve dla-
c11551on, contested case bearings, and 
court cases which dealt with lslues 
such &S Pele worship, the land ex· 
change, environmental Issues and 
proper permitting. All of_ the cases 
resulted in decisioDll supporting geo-
thermal development 
Wbile teothermal development was 
Btalled by these proceedings, Hawaii's 
population continued to grow and our 
energy situation bas .become mote pre-
carious. Without new energy soilrces 
such as geothermal, the growth In 
electricity usage over the next 2D years 
will result In Hawaii having to import a 
total of 11 million barrels.of residual oil 
per year. A 500 megawatt geothermal 
project can eliminate the blll'ning of 
more than seven mUllon barrels of oil 
per year._ 'Ibe savings are real in terms 
ot barrels of oil and dollars and cents. 
Despite clain:ls to the contrary, feder· 
allaw does not require that the costs of 
geothermal energy be tied permanent· 
ly to the price of oil or the utUities' 
•avoided cOSL • This will be a matter of 
negotiation between the developers 
and the electric utillUes. 
For example, the cost of energy 
produced by the new coal·flred plant at 
Cal!lpbell Industrial Park II pegged to 
Inflation and J!.Ot the price of oil. Geo-
thermal can provide us with an oppor· 
tunity for real savings and energy 
Independence. • 
Some argue that the geothermal 
plants and the csble project could cost 
$4 bUllon and that thia will be an 
unreasonabltl burden to the rate payer. 
They fall to point out that the cost of 
burning oil every day, every year wUI 
be at least $4 billion over the same time 
frame. The current crisis in the Middle 
East recently caused oll prices to jump 
to $40 per barrel. At this cost level, over 
30years, a project generating 500 mega-
watts of geothermal electricity will 
a void burning $8.4 billion of oil. 
Those who assert that coDBervatlon Is 
the simple answer to Hawaii's energy 
problems should realize that, while 
electricity usage In Hawaii is grOwing 
at 3 percent per year, the most aggres-
sive and successful coDBervation ef· 
forts in other states have reduced rates 
of grawth by 1 percent per year. 
-Even then, the most effective energy 
savings resulted from efficiencies in 
beating and cooling systems not widely 
used in Hawaii, and economic lncen· 
lives for utilitie&~ which do not apply to 
Hawaii Obviously, Hawaii should pur-
sue every practical energy option: from 
coDBervatlon through the wide array of 
viable alternative energy sources now 
underdevelopment or yet to be discov· 
ered. We simply cannot afford to ig· 
nore any energy alternative. 
A recent Star-Bulletin/KGMB NeM 
poll Indicated 70 percent of those 
polled support geothermal. It is heart· 
enlng to know that mor.e and more 
people are getting the facts and recog-
nizing the value of geothermal as a 
dependable, clean and renewable 
source of Hawail·produced natural en· 
ergy. 
CliniOtl R. Churchill ia chief Utcullw 
officer of CampOeU Estate and chairman 
oJ the Pro-Gtothermol AUiance. 
~ 
.1 
I ' 
Hawaii Tribune~erald 
May 30, 1990 
What lies beneath 
surface will decide 
geothermal future 
Editor's note: Last month, the 
Tribune-Herald's geothermal 
reporter, Dave Harada-Slone, 
travelled to Southern California 
to see several geothermal plants 
and how they've lit in with their 
surrounding communities. 
Besides touring the plants, Har-
ada-Slone also met with local 
officials to see bow the promises 
made when geothermal develop-
ment was first proposed have 
:jibed with the rea lily. The fol-
llow.ing is the final in a three-part 
ser1es. 
By Dave Harada-Slone 
T ribune·Herold 
EAST MESA, Calif. - Geoth-
ermal Resources International 
and Ormat Energy Systems have 
invested hundreds of millions of 
dollars in hardware to turn the 
geothermal fluids beneath this 
desert area into electricity for 
sale to customers hundreds of 
miles away. 
Between them, the two com-
panies have in the past decade 
built six power plants, for a 
combined net output of about 131 
megawatts, and drilled dozens 
of wells thousands of feet into 
the ground. 
But it isn't so much the tons of 
heavy machinery, miles of pipe-
line or rooms full of high-tech 
control equipment that will 
determine the long-term suc-
cess of the two companies' 
ventures in the East Mesa, and 
others like them elsewhere in 
California's Imperial Valley. 
That w,ill depend on what lies 
beneath. 
Experts say the geothermal 
resource beneath the East Mesa 
and other so-called Known 
Geothermal Resources Areas, 
or KGRAs, is vast. But just how 
vast is a mystery. 
Paul Sweeny, geothermal 
The record in 
Southern California 
program manager for the Cali-
fornia Regional Water Control 
Board, says there is probably a 
limit to how much development 
East Mesa and other KGRAs 
can take. While the six plants 
now operating in East Mesa -
and the eight located elsewhere 
in the valley - may well con-
tinue producing for as long as 30 
years, the potential for further 
development may be limited, 
Sweeny told the board recently. 
"The problem in East Mesa is 
there are too many straws in one 
glass of water," he said. "The 
more people you have working 
on a fixed resource, the faster it 
will go away ... 
How fast is anyone's guess. 
In the Geysers area of North-
ern California, the guesses 
proved to be way off. 
Under development since the 
1960s, the Geysers geothermal 
field is the world's largest, 
boasting some 1,900 megawatts 
of generating capacity - nearly 
five times the 400 megawatts 
installed in the valley. 
HAWAII TRIBUNE-HERALD 
May 30, 1990 
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California uses 
comic books to 
tout geothermal 
By Dave Harad~Stone 
Tnbun•-H•r1:11d 
EL CENTRO, Calif. - The 
California Department of Con-
servation's Division of Oil and 
Gas is bullish on geothermal 
energy, and it wants to get across 
to residents what officials see as 
the merits of the aJternate ener· 
gy technology. 
Apparently subscribing to the 
theory that simpler is better, the 
division has capusulized what it 
wants the public to know about 
geothermal in the form of a 
comic book, titled, simply 
enough, "Geothermal in Califor-
nia." 
Though prepared for 4th to 9th 
graders, the book is touted as 
providing a "useful overview" 
for adults as well. 
The comic book tells the story 
of Lisa and Jason and their trip to 
the Geysers area of Northern 
California to vist Aunt Helen and 
Uncle Frank. 
Once there, Helen and Frank 
treat the children to a tour of the 
area's geothermal develop-
ments, including the largest net-
work of geothermal power plants 
in the country. 
Using comic book imagery and 
simple language, the boolr. 
explains the mechanics behind 
the extraction of geothermal 
steam al)-d its conversion to pow-
«. 
Environmental issues are cov-
ered in somewhat les"s detail. A 
brief mention is made of the 
environmental study and permit· 
ting protess, but there is no 
mention of such subjects as 
emissions or solid and liquid 
wastes. 
Nor is there much discussion of 
the depletion of the geothermal 
resource, a problem that has 
dramatically reduced power gen-
eration at the Geysers. 
The comic introduction to 
geothermal conculdes with a 
rather upbeat assessment of the 
technology by Aunt Helen: 
"We're still learning how to use 
geothermal energy. There's so 
EASY READING - The California D•partrnent of ConMrvation's 
Division of Oil and Gas has capusuliud what it wants the public . 
to know about geothermal energy in a comic book, par1 of . 
which is shown above. 
much of it an over the world. We 
cou1d be using much more than 
we do. Geothermal energy has a 
great future." 
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TAPPING IN - A geothermal well operated 
by Ormat in the Imperial Valley's East Mesa 
area. While there appears to be enough of a 
resource beneath the valley to support exist-
-T-H photo by Dave Horodo-Stone 
ing development, officials are uncertain how 
much more development the geothermal 
reservoir can support. 
But 400 of those megawatts by 22 percent, or about 300 
have been idled because the megawatts, as of late last year. 
reservoir upon which the area's At a hearing last September 
power plants draw is running before the California Energy 
out of steam. Commission, PG&E noted its 
Pacific Gas & Electric, which steam suppliers were projecting 
relies on the Geysers for 10 an average annual rate of 
percent of its generating capaci· decline of 10 to 14 percent. The 
ty, had seen its production drop declines have varied widely 
depending on the location of the 
geothermal wells. 
A spokesperson for Unocal 
Corp., developer of most of the 
region's geothermal wells, told 
the commission the declirte is 
See FUTURE, 
Page 3 ·· 
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• F~m Page 1 
l~ly due to a combination of 
faetors, including the acceler-
ated decline of individual wells; 
increasing "interference," or the 
diversion of steam from an exist-
in& well into a new one; the 
difcovery of corrosive steam in 
the northern portion of the Geys-
er~ field, thus reducing the poten-
thll steam supply; and higher 
· le9els of non-condensable gases 
in~he steam. 
PG&E has ,nodified its equip-
m!'nt at the Geysers to make 
better use of the steam it does get 
out of the ground. Other potential 
re.lnedies implemented or under 
study include reinjection of 
g~othermal fluids to "recharge" 
the underground reservoir - a 
measure taken by virtually all 
geothermal developers in the 
ltilperial Valley - and drilling 
a~ditional and deeper wells. 
f-Vhatever the cause of and the 
answer to the apparent depletion 
of the Geysers resource, officials 
in the Imperial Valley are hope-
ful they can avoid a similar 
surprise here. 
.. •. 
-
- T -H photo by Dove Horodo-Stone 
!Given the relative youth of the 
ltpperial Valley's geothermal 
fields- most of the development 
has taken place in the past five 
HEAVY DUTY PLUMBING - A jumble of piping and valves 
directs steam to the turbines of Unocal's Salton Sea Unit 3 
power plant in California's Imperial Valley. 
years - it's still too early to tell are also markedly different. 
hl>w long the resource may last, While the 200-plus wells in the 
said Tim Boardman, geothermal Imperial Valley tap a reservoir 
djstrict engineer for the Califor- made up largely of geothermal 
n1a Division of Oil and Gas. brines, or hot, salt-laden fluids. 
t"You do expect you will have The resource in the Geysers, is 
&pletion in time," he said. "We made up mostly of steam. 
ate watching it very closely. What the disappointments in 
l{opefully we can predict it a the Geysers and the as yet 
lij:tle closer (than in the Geys- limited experience in the Imper-
ersl." ial Valley suggest for develop-
:He noted that the Geysers field ment in Hawaii is unclear. 
was developed before a lot was Critics of geothermal develop-
khown about geothermal resour- ment in Puna often point to the 
c~s. "when they thought geother- decline of the Geysers and sug-
~al was a renewable resource." gest the same fate awaits geoth-
: He pointed out that the Geysers erma! energy on the Big Island. 
field remains hot. What's miss- They have relied for support, in 
ing is the water from which the part, on testimony in 1982 by 
si.Ibterranean heat generates Robert Decker, then scientist in 
:4eam. : charge of the Hawaiian Volcano 
: "We're reinjecting water at a Observatory. 
high rate (in the Imperial Val- . Speaking before the state 
l~y)," he said. . Board of Land and Natural 
• The resources in the two areas Resources, Decker said his esti-
mates of the thermal resource 
beneath Kilauea Volcano indi-
cated that extracting anything in 
excess of five megawatts from 
Kahaualea, then the site of a 
proposed geothermal develop-
ment, would result in the deple-
tion of the geothermal resource. 
other experts have said the 
geothermal resource beneath the 
volcano could sustain a much 
larger yield. And Decker him-
self, in his 1982 testimony, indi-
cated the Big Island could 
probably meet its own electricity 
needs with geothermal, but 
might be depleting the resource 
should it export more than 50 to 
100 megawatts of power. 
"And I don't know how long it 
would take to deplete it," Decker 
added at the time. "It may take a 
couple hundred years. Of course, 
we mine our other resources, and 
they're depletable too." 
nctwctLL rrluune-nerala, May L ~, 1 ~ ~u ,_ 
California's geo 
regulators have 
different concerns 
Editor's nolt-: Last month, the 
Trihun•·-llorald's geothermal 
reporter, Dave Harada-Slone, 
travelled to Southern California 
to see several geothermal plants 
and how tbey've fit in with their 
surrounding communities. 
B(•sides touring thC' plants. lfara-
da-Stnnr also mrt with local 
offit'ial!' to s<·<· how th(' promi~rs 
madr whPn gPolh£'rmal dt'n.•lop-
mf'nl was first proposed han• 
jibed with the reality. The follow-
ing is tht> second in a thn•e-part 
series. 
By Dove Horodo-Stone 
Tr~bune-Herold 
SALTOt\ SEA. Calif. - This 
saltwater lake in the northern 
The record in 
Southern California 
Imperial Valley is a tribute to the I 
ability of humans to radically t 
alter their en\'ironment - some-
times in ways they never fore-
saw. 
AI ~74 squ;1n• mil('s, the S.1llon 
Sea is the larg<•st lake in Califor-
nia and the lOth largest in the 
United States lnot including the 
Great Lakes l. It is also an acci-
dent. 
The lake was created near the 
turn of the century when engi-
neers fiddling with the flow of the 
Colorado River diverted its 
waters. thus filling the trough. 
227 feet below sea level, that was 
to become the Salton Sea. 
Today. the sea is regarded as a 
recreational resource and parts 
of its banks are protected as a 
wildlife preserve. 
The lake's southeast shore, 
meanwhih•. is thC' .sitP of thC' ' 
larg<•st geotlwrmal field in the 
valley, with six power plants 
generating nearly 200 megawatts ~ 
of ele-ctricity to meet the power 
demands of the Los Angeles 
area. 
State regulator:; recognize that 
not all of man's mistakes turn out 
as well as the Salton Sea did, and 
they say they're working full-
time to make sure geothermal 
See GEOTHERMAL, 
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- T -H pt-!otos by 
Dove Horoda-Stone 
SEASIDE- The Saito 
Sea, above, was 
created by occident 
<!orly in the century 
when crews inadver-
tently diverted the 
waters of the Color-
ado River. Six geothe• 
mal plants are now or 
its shores. At left, 
Unocal's Salton Sea 
Unit 3 facility. 
. ' GEOTHERMAL::Valley has 
I 
different woes 
From Page 1 
development here doesn't pro-
duce another environJI~ental sur-
prise. 
The valley's geot)lermal deve-
lopments have escaped the prin-. 
cipal environmental curse of 
similar projects elsewhere, 
namely hydrogen sulfide. 'The 
noxious gas has an odor like that 
of rotten eggs and, at high 
enough levels, can cause eye and 
respiratory distress. At extreme-
ly high levels, hydrogen sulfide 
can cause death. 
At the HGP-A facility in 
Pohoiki, hydrogen sulfide emis-
sions prompted numerous com-
plaints by nearby residents. 
Their experience has contributed 
significantly to the skepticism 
amoung Puna residents about the 
environmental promises made 
by Ormat Energy Systems, deve-
loper of the 25-megawatt Puna 
Geothermal Venture project in 
Pohoiki, and other developers. 
In the valley, however, emis-
sions have simply not been a 
problem, according to Harry 
Dillon of the Imperial County Air 
Pollution Control District. 
"You can smell it if you get 
right up on the plants' cooling 
towers. but not at the fenceline," 
he said. "And our plants arc 
pretty ISolated." 
Even without much effort at 
abatement, Dillon said, the val-
ley's plants have no. problem 
meeting California's ambient 
hydrogen sulfide limit of about 30 
parts per b1llion, even with little 
or no effort at abatement. 
A look at the numbers will 
indicate why. 
Dillon estimates the hydrogen 
sulfide concentrations in the val-
ley's resource at about 25 parts 
per million. Compare that with 
the Geysers field in Northern 
r 
California, wherJ the gas has 
sometimes been a problem, at 
200-to-1 ,000 parts per million, and 
Hawaii, w~¥>re composite data 
from the HGP-A well and three 
commercial:test '\'ells in Pohoiki 
put the hydrogen sulfide content 
at between 800 and I ,300 parts per 
million. J - • 
Hawaii developers have looked 
at a number of ways of dealing 
with hydrogen sulfide. Ormat, 
whose plant is due to begin 
coming on line later this year, is 
taking a cue from geothermal 
development at Coso, Calif., 
north of the Imperial Valley, 
where developers have had suc-
cess with reinjecting hydrogen 
sulfide and other non-condens-
able gases - including carbon 
dioxide - along with geothermal 
fluids into the underground 
reservoir.-
But hydrogen sulfide is not all 
there is to worry about. 
According to Paul Sweeny, 
geothermal project manager for 
the California Regional Water 
Control Board, geothermal deve-
lopment in the valley poses a 
major challenge in the manage-
ment of solid and liquid wastes. 
"The voluminous amounts of 
wustcwalt'r und solid waslt's that 
are generated by the mdustry 
must be managed to prevent any 
adverse impacts to ground 
waters, surface waters, farm-
land, federal lands and biologi-
cally sensitive areas," he said. 
A few of the threats to water 
quality, ;lccording to Sweeny: 
drilling muds and fluids, includ-
ing chemical drilling additives; 
injection wells, injection and 
production well sump ponds used 
tQ contain geothermal fluids 
when reinjection is not possible; 
cooling tower chemicals; filter 
residues and drill cuttings; 
radioactive solids in the waste; 
and the landfills at which the 
wastes are stored. 
Sweeny estimated the valley's 
geoth~rmal plants generate 145 
tons of solid waste and more than 
84 million gallons of liquid waste 
· a day; with most of the latter 
being reinjected into the under-
ground geothermal reservoir. 
Aside from inert drilling muds 
and cuttings, the solid waste 
includes tons of filter cake 
extracted from the highly saline 
geothermal brines of the Salton 
Sea area. Though mostly silica, 
the material includes low con-
centrations of arsenic, lead, mer-
cury and other potentially toxic 
substances and thus is treated as 
hazardous. 
Regulators are also concerned 
about low levels of radioactivity 
in the filter cake. Although they 
do not regard the material as a 
threat to public health and safe-
ty, officials have advised state 
inspectors to limit their exposure 
to the substance and to wear 
respirators and protective clo· 
thing when in portions of geother 
mal facilities where bits of the 
filter cake may be airborne. 
Somp of the solid wuste from 
the facilities is mixed with other 
materials to form a "geocrete" 
used to pave roadways and other 
surfaces on-site. The rest is 
disposed of at a state-approved 
landfill operated by GSX Ser-. 
vices Inc. A proposal is pending 
by a subsidiary of M~gma Power 
Co., which operates four plants in 
the Salton Sea area, for a dedi-
cated "monofill" to receive 
wastes from the plant. 
The filtration that produces the 
cakes is made necessary by the 
high content of dissolved solids in 
" 
the Salton Se~ resource. which at 
up to 300,000 parts per million of 
total dissolvfd solids has five 
times or n!ore the dissolved 
solids of Hawaii's geothermal 
resource. 
The hot brines that fuel the 
valley's geothermal plants also 
present a waste management 
pwblem, according to Sweeny. 
The brines are higly corrosive, 
and most plant operators have 
had to report major spills, some 
running into the thousands of 
gallons. 
The salt-laden hot water kills 
whatever it touches, Sweeny 
said, forcing the plants's opera-
tors to occasionally have to reim-
burse farmers for damaged 
crops. 
"We also make them scoop out 
all contaminated soil and replace 
it," he said. 
Corrosion and scaling can also 
cause failures of the well casings 
that are supposed to protect 
ground water from contamina-
tion by geothermal fluids. 
Sweeny noted that an injection 
well at a Chevron facility in 
Heber, Calif. suffered such a 
casing failure recently. 
Asked if he had any advice for 
Hawaii official!:; who will be 
charged with regulating geother-
mal development, Sweeny said 
vigilance is the key. 
"You really have to keep a 
keen eye on these operators on an 
almost daily basis," he said. 
"It's very easy for them to say, 
'that was only a few hundred 
gallons I of brine 1 we spilled,' but 
when you add it all up, cumula-
tively, it can be quite an impact." 
Tomorrow: How long will 
Imperial Valley's geothermal 
resources last? 
Hawaii Tribune-Herald 
May 27, 1990 
In Imperial 
Valley, no 
flap over geo 
Editor's note: Geothermal 
development is an Issue of great 
contention on the Big Island, with 
the rrrst geo plant scheduled to 
come on line later this year 
despite many protests over what 
opponents say will be negative 
impacts on the environment. 
Supporters, meanwhile, chal· 
lenge such environmental claims 
and say the alternative energy 
technology is relatively benign 
when compared to other power 
sources. 
Last month, at the invitation of 
the Pro-Geothermal Alliance, the 
Tribune-Herald's geothermal 
reporter, Dave Harada-Slone, 
travelled to Southern California 
to see several geothermal plants 
and how they've fit in with their 
surrounding communities. 
Besides touring the plants, Hara· 
da-Stone also met with local 
officials to see how the promises 
made when geothermal develop-
ment was first proposed have 
jibed with the reality. The follow-
ing is the first in a three-part 
series. 
By Dave Harada-Slane 
T ribune-Herold 
EAST MESA, Calif. - To the 
untrained eye, this parched, bar-
ren stretch of California appears 
to be little more than wasteland, 
the kind of God-forsaken place 
where you expect to see cattle 
carcasses on the roadside and 
buzzards overhead. 
But that's to the untrained eye .. 
To the biologist, East Mesa is a 
precious and vital desert habitat, 
home to the threatened flat-tailed 
horned lizard and other reptiles, 
as well as such species as coy-
otes, rabbits and kangaroo mice. 
Criss-crossing that habitat is a 
network of pipelines leading to 
six geothermal power plants. The 
The record in 
Southern California 
plants, all developed within the 
past decade, generate 131 mega-
watts of electrical power, or 
· enough to meet the needs of 
about 130,000 households. 
The wells feeding the plants 
tap into an underground reser-
voir of brine at depths of 4,000 to 
6,000 feet, where the salt-laden 
water is heated by pockets of 
magma to temperatures between 
290 and 350 degrees Fahrenheit. 
The temperature is relatively 
low for a geothermal resource, 
forcing developers to overcome a 
few thermodynamic hurdles to 
turn the heat into power. 
According to Yona Yahalom, 
manager for project engineering 
for the Ormesa geothermal com-
plex developed in the desert by 
Ormat Energy Systems, the 
geothermal reservoir beneath 
the East Mesa was ignored for 
years by would-be developers 
eying the Imperial Valley area. 
"The resource was considered 
uneconomical," he explained. 
What Ormat did was utilize a 
·j:l-. 
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CALIFORNIA STEAMING - Ormat's Ormesa geothermal complex, parts of which are shown 
above, was built in recent years on environmentally sensitive desert lands in East Mesa under 
the jurisdiction of the federal Bureau of Land Management. The East Mesa geothermal field is 
one of three being actively exploited in the Imperial Valley, a vast, arid agricultural area in 
southeast California bordering Arizona and Mexico. 
binary process in which the 
geothermal resource is used in . 
its liquid state - rather than 
being flashed to steam as it is in 
most plants - to heat a working 
fluid, isopentane, that boils at a 
relatively low temperature. The 
vaporized working fluid is then 
used to turn a turbine attached to 
a generator. 
The process, similar to that to 
be used in Ormat's planned Puna 
Geothermal Venture project in 
Pohoiki on the Big Island, takes 
place in self-contained units 
dubbed "Ormat Energy Conver-
ters." Prefabricated and 
assembled in series on the pro-
ject site, the units are arranged 
so as to squeeze as much electric-
ity as possible out of the resour-
ce, with each batch of converters 
generating power from lower 
temperature fluids. 
The arrangement allows 
Ormat to boost its generating 
efficiency from 12 to 16 percent. 
"That doesn't seem like 
much," Yahalom said, "but 
. those four percPntage points 
actually represent a 25 percent 
improvement." 
Should one of the units fail, the 
others can continue operating, 
thus helping Ormat to maintain a 
reliability factor Yahalom says 
is more than 99 percent. 
Once their thermal energy is 
spent, the fluids are reinjected 
into the geothermal reservoir 
and the isopentane is condensed 
back into liquid form. 
Each of Ormesa 's four plants, 
with a combined output of 54 
megawatts, is tied to a control 
room where technicians monitor 
See GEOTHERMAL, i 
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fluid flow rates, temperatures 
and other variables represented 
graphically on computer 
screens. 
·The two smaller plants, Orme-
sa IE and IH, can essentially run 
themselves, Yahalom said. Plans 
call for the plants to be left 
unstaffed at night and on 
weekends, with technicians at 
Ormesa I monitoring conditions 
from their site. 
. The Ormesa plants, and two 
neighboring facilities operated 
by Geothermal Resources Inter-
national, are on leased federal 
lands under the jurisdiction of 
the Bureau of Land Manage-
ment. The lands have a Class L 
designation, meaning that access 
is limited in an effort to minimize 
human impacts on what is large-
ly a wilderQess area. 
: According to John Whitley of 
the bureau's El Centro Resource 
Area office,· the plants have 
proven to be desirable tenants. 
"'There are no emissions, no 
discharges and no noise," he 
said. "They've fit in very well." 
; While the steady hum of the 
turbines can be heard during a 
walking tour of the plants, there 
is little noise evident at the 
facilities' boundaries. 
: Whitley noted that the develop-
ers elevated the miles of pipeline 
carrying geothermal brines from 
the wells to the plants, a measure 
Jle said "Cost quite a little bit of 
money," but ensures uninhibited 
passage for animals in the a.rea. 
The East Mesa field is one of 
three being actively exploited in 
Cal~ornia's Imperial Valley, an 
agncultural region bordering 
Mexico and Arizona. The others 
are located on the southeast 
coast of the Salton Sea about 35 
miles to the northwest of here, 
and Heber, about 15 miles to the 
southwest. 
Altogether, the 200-plus we Us 
tapping the valley's geothermal 
resource feed 14 power plants 
with a combined capacity of 
more than 400 megawatts. 
Geothermal power generation 
in the valley has ma(je the transi-
tion from the drawing board to 
the field quickly, with most of the 
development taking place in the 
past 10 years. 
-In terms of the number of wells 
drilled, plants built and money 
spent, California officials say, 
the Imperial Valley's geothermal 
resources have been among the 
most actively exploited any-
where in the world in the past few 
years. 
Although the valley's geother-
mal output is but a fraction of the 
2,000 or so megawatts of installed 
capacity at the Geysers geother-
mal field in Northern California, 
development in the valley 
accounted for more than half of 
all the state's geothermal drilling 
and construction in the past two 
years. : . 
Therein lie · some important 
similarities to the proposals 
pending for large-scale geother-
mal development in Hawaii. As 
happened in the valley, develop-
ers eyeing Puna's resource hope 
to go from zero to several 
hundred megawatts in a few 
years. And as the valley now 
does, the Big Island would export 
most of the power, though 
through a far more complex 
transmission system than is used 
in California, where the power is 
routed through the Imperial Irri-
gation District for sale to South-
ern California Edison. 
. But unlike efforts to tap 
Hawaii's geothermal resources, 
the development in the Imperial 
Valley has proceeded with a 
minimum of controversy and 
protest. 
"There's been very little," said 
Tiin Boardman, geothermal dis-
trict engineer for the California 
Division of Oil and Gas. "Actual-
ly none, zilch." 
He noted that most of the 
valley's geothermal plants are in 
remote areas, bordering broad 
stretches of farmland, or, in the 
case of the East Mesa, desert. 
They are also spread through a 
county of 4,173 square miles- or 
an area a little larger than the 
entire Big Island - with a popu-
lation of 92,000 - about 30,000 
less than that of the Big Island. 
"This is also a very depressed 
area of California," Boardman 
said. "The unemployment rate is 
more than 20 percent. Any means 
to bring in jobs is welcome." 
And, Boardman says, geother-
mal is relatively clean, at least 
when compared with coal and 
oil-fired plants, few of which 
have been built in California in 
recent years. 
Far from fearing geothermal's 
impacts, area farmers have a 
financial stake in the alternate 
energy technology's success. 
"By and large, it's a very 
symbiotic relationship," .said 
Paul Sweeny, geothermal prog-
ram manager for the California 
Regional Water Control Board 
Board, Region 7. 
He noted many of the farmers 
receive lease payments from the 
developers for wells drilled on 
their lands. There have been 
problems, including spills of hot 
brine that kills just about any-
thing it touches. 
"But they're paid full value for 
any damaged crops," Sweeny 
added. 
And plant designers have made 
an effort to get their creations to 
fit in. 
The geothermal plant operated 
in Heber, Calif. by a subsidiary of 
ERC Environmental and Energy 
Services Co. - another subsidi-
ary of which is currently working 
on a master plan for geothermal 
development in Hawaii - is one 
example of that. 
Surrounded on all sides by 
farmland, the 47-megawatt com-
plex was engineered to occupy a 
minimum of space. The plant and 
adjacent well field cover Jess 
than 40 acres. 
All of the production wells, 
operat~ by Chevron Geothermal 
Co. and Unocal Corp.'s Geother-
mal Division, originate from a 
central. five-acre production 
island. The wells are drilled at 
various angles irito the center of 
the geothermal reservoir; where 
brines at temperatures exceed-
ing 360 F are tapped to fuel the 
plant. · 
Started up in 1985, the ERCE; 
plant was the first commercial 
geothermal facility in Imperial 
County to receive the necessary 
permits from C\)unty planning 
officials. The Ea,st Mesa plants 
are subject to fe~ral regulation., 
"The farmers ,love it," .said 
plant general, manager Robert 
Sones of the community's reac-
tion to the facility. "We haven't 
had any complaints." 
The plant produces no odors, 
and while its equipment gen-
erates some noise, it is not 
noticeable at the project bound-
ary. 
Unlike Hawaii's resource, the 
geothermal fluids beneath the 
valley are naturally low in hydro-
gen sulfide, a noxious gas with a 
rotten-egg-like odor. Recurring 
hydrogen sulfide releases from 
Hawaii's experimental HGP-A 
power plant in Pohoiki made life 
miserable for many nearby resi-
dents, befouling their air and 
sending some people to the hospi-
tal complaining of eye and lung 
irritations and other symptoms. 
Even on a· windless day, one 
cannot smell the gas at the fence 
lines of most of the Imperial 
Valley's plants. Its telltale odor 
is barely perceptible even atop 
the plants' cooling towers, 
through which hydrogen sulfide 
and other non-condensable gases 
are emitted. 
But developers and regulators 
must still contend with such 
things as brine spills, sump 
ponds and solid wastes, the latter 
including silica taken from the 
extremely saline brines of the 
Salton Sea area and laced with 
trace amounts of toxic chemicals 
and heavy metals. 
The Salton Sea Geothermal 
Field, located near the southeast 
shore of California's largest Jake, 
is the most productive field in the 
Imperial Valley area, boasting 
six power plants with a combined 
net output of 193.8 megawatts. 
As in the case of East Mesa, the 
developers of the Salton Sea field 
had to overcome a few technical 
obstacles to make development 
viable. 
While the Salton resource is 
hotter, with an average tempera-
ture of 500 F, it is of a much 
poorer quality, with .total dis-
olved solids in the brine ranging 
from 200,000 to 300,000 parts per 
million - or up to 30 percent by 
volume. 
Unchecked, the solids, which 
are mostly silica, can muck up a 
power plant's works, clogging 
pipelines and plugging up the 
cracks in the earth into which the 
spent fluids are reinjected. 
At the "dual flash" Salton Sea 
Unit 3 power plant operated by 
Unocal Corp., brine flows from a 
wellhead separator into a pres-
sure crystallizer in which steam 
"flashes" from the hot fluid. The 
steam leaves through the top of 
the crystallizer vessel and is 
routed to a turbine to generate 
electricity. The brine flows into a 
low-pressure crystallizer, where 
a further drop in pressure pro-
duces more steam, which flows 
to the turbine through a separate 
pipeline. 
The brine, reduced to atmo-
spheric pressure, flows by gravi-
ty into a clarifier and thickener 
and then a secondary thickener. 
Both chambers remove solids 
that have precipitated from the 
brine, leaving the remaining 
fluid clean enough to be rein-
jected into the underground 
reservoir without plugging the 
injection wells. 
Some of the solids are recycled 
to the crystallizers as "seed" 
material, attracting other solids 
and thus reducing scaling in the 
vessels and pipes. 
Excess solids are extracted in 
the form of a filter cake, which in 
Unocal's case is mixed with other 
ingredients to form a building 
material dubbed "geocrete." 
The material is analyzed for 
toxic compounds and permeabili-
ty before being used to pave 
roads and other surfaces around 
the plant. 
Unocal's Salton Sea plant also 
boasts the world's largest geoth-
ermal well. Vonderahe 1 churns 
out 2.5 million pounds of geother-
mal fluid an hour. By way of 
comparison, engineers expect 
each of the geothermal wells 
planned for Ormat's Puna geoth-
ermal project to produce 69,000 to 
112,000 pounds of steam and fluid 
im hour. 
'Tuesday: Protecting the earth 
from what lies beneath it. 
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Signs warn of hydrogen sulfide gas emissions at the True 
Geothermal drilling site in Puna. 
Today: 
KILAUEA 
RIFT: 
The Geothermal 
Power Struggle 
Boon or bane? 
Draft plan delayed 
Kalakaua meets Edison 
Tomonow In The Advertiser: 
To tap a deep caldron 
120,000 leagues under the sea 
losing steam at the Geysers 
Tuesday In The Advertiser: 
Fumes of burning stone 
Lake County's growing pains 
Wednesday In The Advertiser: 
In the ahupua'a 
High tech in the high desert 
Invasion of the mud volcanoes 
Geotherntal furor: 
$•/3·?0 
Long-simmering controversy now 
reaching a boiling point in Hawaii 
By Jim Bort 
AdveniKT Science Wrilcr 
PAHOA •. Hawaii - A yellow fiag 
~ the .entranee to the eight-acre 
- dearins warn! of pOssible poisonous 
hydropn sulfide gas in the air. 
If there is any, the telltale rotten· 
egg aroma is lost In the rain pound-
Ing on thi gravel road and surround· 
lng forest of .ohla and strawberry 
guava. 
At the far end of the clearing 
stands a 176-foot·tall metal dnl!mg 
tower. 
Invisible JUSt a half mile away, but 
imposing th1s close up, the rig repre-
sents one of the most divisive iSsues 
in Hawaii's hiJitory: 
Geothermal energy. 
Advocates say 1t's the best way to 
reduce Hawaii's overwhelmmg depen· 
dence on oil to generate electncJty. 
Tapping pockets of hot water and 
steam under Kilauea's East Rift Zone 
is technically feas1ble and relauvely 
bemgn on the environment. support· 
ers inSISt. 
Opponents say large-scale geother· 
mal power at Kilauea is unproven. 
unsafe and unnecE's~ary, 1f modern 
enE'rgy consE'rVCit!On approaches are 
followed. Furthf'r, they say, sp1nnmg 
a steel-and-concrete weh of steam 
wells, power plants, p1pclmes. roads 
and electrical transmisSIOn lines 
along the volcano's t:{"ntral ~aStNn 
Dank will chew up precwus acres of 
nattve forest. 
Not smce the Vietnam War have 
protesters turned out in such num-
bf>rs to be hauled off in handcuffs. 
The 1ssue pits sc1enlist agamst scien· 
tlst, and has generated d1scord withm 
the Dcmocrauc Party and Gov. John 
Wa1hee's Cabmet. 
"The Republicans h<~ve abortion 
and we have gf'othermal.· Waihee 
told repnrters Tuesday, refernng to 
the Hawa1i County DemocralLt Con· 
\'Cntion last weekend in HHo. 
After lengthy deb<ltE'. the 81g Is· 
land OPmocrats dgrt-ed to support de-
velopment of 50 megawatts of geo· 
thermal power for the local utility -
See Gcothcnn•l. Page AS 
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but not at the expense of any 
further ramforest clearing. 
Here, m the heart ot the 
Wac Kele 0 Puna forest, the 
latest search is on for magma· 
heated water and steam. 
A partnership of two Wyo· 
m1ng compames. True Geother-
mal Energy Co. and Mid-Pacific 
Geothermal Inc .. hopes to de· 
\'elop an Lmtlal 2::i megawatts 
of power - about a fifth or 
the B1g Island· s needs - m the 
9.014-acre K1lauea M1ddle East 
Rift Geothermal Resource Sub-
zone. 
True attorney and proJect co· 
ordinator Allan Kawada says 
the drill hit some kind of geo-
thermal resource m early 
April, but he won't say exactly 
what. The well's production p~ 
tentiiill remams a business se· 
cret, says Kawada. 
·vou've got the heat, no 
quesuon. and you've got the 
water,· Kawada sa.vs, waiting 
out the downpour m a small 
open·stded shelter. ·sut wheth· 
er you've got the cracking and 
fragmentmg and permeability 
so that you get a good m1x 1s 
the question. We're go1ng to 
drill a lot of holes (up to 12) 
before we comm1L • 
For the t1me being. the well 
has been shut down as the 
company analyzes its data on 
the resource, says Kawada. 
Under an order by Circuit 
Judge Shumchi K1mura, True/ 
Mid- Pacific was prevented 
from clearmg forest to drill at 
any other s1tes. But K1mura 
hfted the ban m a deciSIOn last 
Wednesday relatmg to a law-
sua by the antL·geothermal 
Geothermal: A quick look ~ 
Here's a quick lOok at geothermal Cl&velopment, past, present and 
future. on the Big Island: 
• NarM: Hawaii Geothermal Project-Abbott (HGP-A) 
Capactty: 2·3 megawatts 
Stah.1s: Closed. Dee. 1 989 
• Nama: Ormat Energy Systems (Puna Geothermal Venture) 
Capacity: 25 megawatts 
Status: Awaitmg permLts. 
• Nama: True1Mid-Pacif1C 
Capacity: 25-100 megawatts 
Status: Drilhng first well 
• Nama: HawaiJan Electnc Co. 
Capacity: 500 megawatts 
Status: Reviewing two bid proposals 
Pele Defense Fund. 
While geothermal power 
clearly carries safety and enVi· 
ronmental concems, a new di-
mension has unfolded Wlth the 
rainforest debate. The argu-
ment finds avowed environ· 
mentalists in the odd position 
of opposmg an alternat1ve to 
fossil fuels. 
The Pele Defense Fund. for 
instance, became an official in· 
tervenor at the Public t'tihties 
Commission tn favor of Ha· 
waii's first major coal-fired 
power plant. a $383-m.illion pr~ 
Ject of Applied Energy Services 
(AES·Barbers Point Inc.) With 
a ground-breaking ceremony 
held last Thursday at Campbell 
Industrial Park, the plant is ex-
pected to provide 180 mega· 
watts of capacity to Hawaiian 
Electric by September 1992. 
For a while, The Rainforest 
Action Network in San Fran· 
CiSCO m1stakenly charactenzed 
Hawaii's geothermal develop· 
ment as threatening •the last 
lowland trop1cal ramforest in 
the Umted States," They have 
since changed the description 
to "'last large-€:&panse lowland 
tropical rainforest," a term 
with which seothermal propo-
nents don't quibbk'. 
Beneath the often messy ex· 
change of charges and counter-
charges. a close examination of 
geothermal iSsues reveals these 
facts: 
e The best-preserved tracts 
of Puna's rain forest - that is, 
pristine ohia land still Without 
interloping foreign species -
lie in areas removed from from 
where the state permits gee~ 
thermal development. 
e Technology is available 
that would rrevent irritating 
emissions o sulfur dioxide. 
These are being used by both 
Pacific Gas & Electric Co. and 
California Energy Co., mem· 
bers of competing groups now 
in negotiations with Hawauan 
Electric for the second-stage 
proposed 500-megawatt geo· 
thermaltcable prOJeCt. 
• The problem of nmse from 
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Second of four parts 
By Jim Borg S }11} 10 
Advertiser Science Writer 
Don Thomas enjoys getting into hot 
water. 
A research geochemist with the 
University of Hawaii, Thomas has 
studied the lava-rock bowels and sub-
terranean caldrons of Kilauea Volca· 
no since 1972. 
Testifying in an unofficial capacity 
before the Legislature last month, he 
was clearly annoyed. 
At issue was a resolution calling 
for a deceleration in the state's plans 
for development of geothermal wells 
and power plants on the Big Island. 
"It is difficult for me to conceive 
how geothermal development in Ha· 
waii could be much slower without a 
complete halt and abandonment of 
the program, • Thomas said. 
"In the nearly 15 years since the 
geothermal resource was discovered 
on the Kilauea East Rift Zone, we 
have managed to develop one 3· 
megawatt demonstration pow;r 
plant.· he said. "During this same pe-
riod, California has added approxi· 
mately 800 megawatts in The Gey· 
sers field and more than 100 
megawatts i11 the Salton Sea ... 
"The Philippines have developed 
more than 800 megawatts in fields 
that were identified after that on the 
East Rift Zone in an even shorter 
time period." 
Thomas was right that geothermal 
development has been slow here, but 
in most areas the pace is picking up. 
Hawaiian Electric Co .. facing a De· 
. cem ber deadline, is negotiating in pri· 
vate with two competing groups of 
companies that have offered propos· 
als for a state-backed 500-megawatt 
geothermal project. The power would 
be carried from the Puna District to 
Honolulu by an undersea transmis· 
sion cable, the deepest in the world, 
beginning in 1995. 
Former Gov. William Quinn, chair· 
man of Gov. John Waihee's geother-
mal advisory board, has called it "far 
and away the largest project ever 
contemplated in the state of Hawaii." 
Meanwhile. after long delays from 
legal challenges and contested per-
mits, two smaller geothermal enter· 
prises are figuratively, if not literally, 
gathermg steam. 
One partnership, True/Mid-Pacific, 
has completed its first well in the 
Puna rain forest, while the second 
company, Ormat Energy Systems, 
known as Puna Geothermal Venture, 
although still without a well, has 
promised to deliver 7 to 10 mega-
watts to Hawaii Electric Light Co. by 
year's end. 
Opponents of geothermal power 
here have been eager to point out 
that steam production at The Geysers 
m northern California has declined 
unexpectedly over the last three 
years. 
But scientists agree the geology of 
the two fields is completely different. 
While The Geysers is a tightly en· 
closed subterranean sandstone reser· 
voir containing almost pure steam, 
See Geothermal, Page A4 
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K1laueJ.. they sa:·. 15 bullt on pC'rmeable 
. .J\·a·rock formallons through wh1ch hot 
\\ ater cJrculates quickly ;;nd 1s repl~n­
. .:hed easllv bv r;,.ur. 
.,.Jrtu<.~l(v L;\·rry watt>r-donunated gee-. 
thermal ~yHern has rl'charge,- says: 
Thoma-=. ''Tt hJ.s to:· · 
Th1s rap1d CJrculauon r.a5 le>d some cr1t· 
:c·s to ~u!:?gc::t ~hat scu\\'Jtcr or ramwarer 
·.·-.-auld dfl'cti\Tl.v cils::Jpatc ~he h .. ~at. An· 
· .-~cothern~al groups also pomt to a drop 
•."': produc:Jon at the state's dL'funct 
HGP-.\ geothC'rmal pl.mt. irom 3 mega· 
'.\ ans to 2.-l megawatts OYer 1ts lifetime. 
··The c!Jtm that ~cawater Will lead to 
•::..J.L'ncha~g of g"POthermal wells 15 specula· 
·_:on thJt 1.~ unsupported by c1ght years of 
:;:-oducuon oi flu1d.S from the HGP-A well. 
·-~~mng wh1ch time the tt'mperature of the 
::u1ds rema1m·d YJrtuallv constant and the 
'-- heml5tr~· JndJC.lted nO appreciable cooling 
<:1 the \'ICtnJty of the well bore.- Thomas 
:·('-=ponded. 
··tndlndual wells mav haYe a finite hfe-
:•me - 10 years. 20 ~·ears or longer. de-
i')L'ndmg on the nJture of the re~ource.­
:-:c sa1tl. "To deciJ.re the resource as bcmg 
r-on-renewable tx~causc wells ha\'e to be 
•t'placed ;5 t:te ~arne as :aymg that solar 
.: non-renewable because solar cells ha\·e 
:o bt.• replaced pcnod1cally." 
B..1sed on scten t1f1c test d.rillmg, Thomas 
o.._·:Himates that Kilauea ·s geothermal zone 
:--.oids the cqu1Yalent of lAOO megawatts 
0f clectrtctt•:. 
By geothermal or "earth heat" energy, 
~clcntJsts mean the underground soup of 
water and mmerals that magma creates 1n 
t \\'0 bas1c forms: 
• dry steam - that is. nearly all steam 
w1th no water. 
• superheated water. which may have a 
:cmpcrature of nearly 700 degrees Fah· 
-enhett - well above 1ts normal boiling 
pomt of 212 degrees - because of the 1m· 
mense grantauonal pressure exerted by 
the rock and water above. 
Although the flanks of Kilauea are be-
lieved to house some dry steam. the 
prime resource is believed to be brackish 
water that lies about. a mile below sea 
level. Tappmg these reservoirs can pro· 
duce energy in a varjety of ways. 
Dry steam is pumped more or less di~ 
rectly into a generating turbine. which is 
taJlored to the. speciffc pressures and tern- . 
peratures of the resource. 
In a so-called .. flash steam'" power 
plant, hot water iS bro~ght to the surface 
.. 
Says Hawaii •s snooz1ng 
by ptpes and fed into a contamer cJlled a 
separator. where steam r1ses from the wa· 
ter or bnne. The brme IS pumped back 
mto the ground through an InJector well. 
(Tho troublesome HGP-A plant put the 
bnne mto holdmg ponds:.) 
The steam goes to the generaung tur· 
bme. then ts condensed and also remJect· 
ed. The cooling tower emits aJr and water 
Yapor. 
So--called non-condensable gases - hy· 
drogen sulfide. chtefly - are either 
scrubbed out durmg the cooling process 
or. in the case of Califorma·s Coso Geo· 
thermal ProJect. reinJected into the 
ground. 
In a ·double flash" plant. steam is sepa-
rated from the bnne a second time at a 
lower pressure. 
In a binary cycle plant. a less efficient 
and more expensive system. the hot wa· 
tcr passes though a heat exchanger, then 
back into the ground. The heat is picked 
up by another fluid. commonly isobutane, 
which turns a turbine as part of a closed 
cycle. . ·· 
Unlike HGP·A. modern geothermal 
plants have turbine·bypass systems that 
run the steam through the normal abatf"" 
ment systems when the turbine. for. one 
reason or another. must be shut down. 
What" about the integrity of the well 
pipes? Could they crack open during 
earthquakes, speW1ng brackish. chemical-
. '· ' 
• • 
lS lSSUe 
laden geothe:-mal bnnc Into fresh ground 
water? 
Could the remJecuon process cause tts 
own ruptures? 
HGP-A's 5l£'el \\'ell p1pes. separated 
from the s•1rroundmg earth by concrete . 
!'=Ustamcd earthq~akes of 6.1 and 6.6 mag· 
nitude without rrackmg. Thomas says. 
Those natural quakes are far !Jrger than 
any rlisturbar.ces generated by rctnJecuon. 
he adds. 
Second. brC'ai(s m well p1pe.s can be de-
tccterl and repaired. 
Third. the S!!'ound water along KilauC'a's 
East Rift Zone IS naturally salty and 
warm. 
"You ha\'c to recogntze that groundwa-
ter m that J:"'Ca 15 not constdered to bl" 
potablc>." Thomas said in an tntCT\."tt'w. "It 
ha!= natural geothermal discharge m 1t." 
The Hawau Legislature th1s month ap· 
prO\'t:'d S3 mtlhon for research dnlbng 
<~nd a5sessment of the Puna area's geo-
thermal resources to detcrmmc tf and 
where 300 megawatts of geothermal cncr~ 
!l\-' CXI~t.S. 
··The re~earch. conducted through a :=e-
nes of L"H ·scientific obser\'atlon hole::: ... 
receiYed S2.6 mlihon this fiscal ,·car. 
Along wnh the SIZC. extent~ h.:-mpera-
ture and composHion of Kilauea's geothcr· 
mal flu1d.s. the question of cost remams 
troublesome. 
Estimates ha,·e ranged from $1.7 bilhon 
from HECO und the state to $4 bill1on 
from :Olcitnland consultants h1red by anu· 
geothermal camps. Thomas says the costs 
\VIll '"remain speculative'" until many more 
\!;ells have been drilled. • 
But some cntics have already heard 
enough. 
"In all my years of expenence, I have 
never seen the development of a major 
generation- plant treated m such a cava· 
lier and unplanned manner as .. thts geo· 
thermal project,"' says ~taui restdent 
James \Villiamson. a former Seattle c1vil 
engineer. now retit'ed. who -.i$ :rammar 
with geothermal plants in 'CallfQmia and 
Iceland ... When I first- bec&me· ilware of 
this 500-megawatt geothermal installation 
in the· most active voteano in tfte-·world 
- and an unprecedented· high-voltage 
submarine cable to Oahu, I did not be-
lieve it to be a serious proposal. 
"Inherently it has to be more expensive 
than cOnventional oil· or coal-fired gener-
ation~" says Williamson ... And there is no 
question that its environmental impacts 
will be far. greater.' -
Tomorrow Ill Th~ ·Advertiser: The 
Sound and the Sulfur· 
,1 ... : 
• ·. . . .., • .. n 
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The cable route 
""" 0 
• ___ 30 
Miles 
S· ,q.. 'o 
Pacific 
Ocsan 
Hurdles for cable: 
environmentalists, 
and Mother Nature 
The ~preferred~ route keeps 
chang~ng. 
. It used to go through the 
Saddle between ~Jauna Loa 
and :\fauna Kea. but the Army 
complamed the overhead trans· 
mtsston wtres mtght snag heli· 
copters usmg Pohakuloa Tram· 
mg Area. So now the route 
passes north of :<.Jauna Kea on 
tts way to ~orth Kohala. 
where 1t enters the sea. 
From there. to Its u!ttmate 
landfall m WaimanaJo. the Ha· 
wau Deep Water Cable would 
traverse 138 miles il.nd the 
6.300·foot·deep Alenu1haha 
Channel between the B1g Is· 
laRd and MaUi, makmg 1t the 
world's longest and deepest 
electncal transmtsszon cable. 
The scheme has drawn angry 
opposmon from some ennron· 
mental groups. mcluding the 
Su~rra Club and Hawa.u Audu-
bon Society, wh1ch c1te poten-
ual damage to reefs and land-
mg areas, includmg Maui's 
AJtihJ·KJnau Xatural Area Re· 
serve. 
A cable carrymg power 
120.000 "leagues under the sea 
also would be vulnerable to 
submar1ne earthquakes and 
landslides. forcmg Hawanan 
Electnc Co. to mstall an equal 
amount of oil-fired generauon 
as backup, cr1Ucs claun. 
Not so, says HECO spokes• 
man Scott Shirai. 
At least two cables will 
make the interisland crossmg, 
and a third may span Alenui-
haha. HECO's request for pro-
pou.ls specified that the Joss of 
one cable would not exceed the 
largest generating unit on Oa· 
hu. 148 megawatts. 
That means that HECO 
would already have enough 
•spmning reserve• on Oahu to 
make for the loss of a cable, 
Siilld Shirai .. 
Fr.om I9ai" to 1988, wah .11\Jp" 
port from U.S. Sens. D11niel 
Inouye and Spark Matsunaga 
and Rep. Dan1el Akaka, Con-
gress approved S23 rrullion for 
cable research through the 
l".S. Energy Department. An· 
other $5 IJI.Illion came from the 
state. 
The cable's des1gns and test 
lengths are the work of the P1· 
relil Cable Corp .. an Italian 
company wtth li.S. headquar· 
ters m lin1on, N.J. 
If largHcale ge-othermal get.<: 
the go-ahead. P1relli slands to 
recen·e a contract worth at 
least $400 million to complete 
at least 276 IJI.IIes of cable. 
Since it became the proJect's 
lead cable company in August 
1983, Plrelli has made its inter-
ests known on Capitol Hill 
through a lobbying firm and 
thousands of dollars m cam• 
pa1gn contributions and hono-
raria to key comm1ttee mem· 
bers. according to The 
Washington Post. 
Still undecJded 1s the t1meta· 
ble for Installing the cables. If 
deemed feasible, the power 
plants would be phased in over 
12 years beginning in 1995. 
\Vhat about the danger from 
eruptions from Kilauea Volca· 
no? 
~They have to take their 
chances.· says ruchaTd M001'e, 
a geologist With the U.S. Geo-
logical Sw-vey on the Big Is-
land from 1977 to 1987. •No 
eruption may occur 1n one spot 
for hundreds of years, but ..• It 
might get buried the next 
year.• 
Moore, now based in Denver, 
said geolog1$tl are wa.iting to 
see w nat happens after the 
current seven-year eruption 
end.t. "Will activity miBrate 
uprift from there or downrttt?• 
he asks. ~ ... 
..-- __ _- __ -lim 8oq 
' 
..... ~- .... 
c~ilfomia steam_~ngl ers 
show geothennal potential 
By jim Borg Sh'f fqo thmk 1t would be • httl_e slow· IU ... "'IIll!lll 
.-\~vnn~n X•ence wrn~• rr development that we \'e had · 
here.· says Myron Burr. a re-
~ource englnf'('t w1th t.;nocal"s 
Geothermal DIVISion 1n Santa 
Rosa. ·Assess the r~ource and 
Sfi'e how 1t"s gomg to behiive 
under development.-
GEYSERVILLE. Cailf. 
Along Sonoma Count~··s B1g 
Sulfur Creek. w1sps of steam 
agaJnst the green_ h1lls1de offer 
the f1rst h1nt of human actl\"J• 
!_1". 
A closl'r look n·vcais the 
charactensuc cooimg tower> 
and a network of p1pes tho~t tf'· 
~emble the legs of <.1 hugO:? ~p1· 
der 
Farthtn down the wmdmg 
road. more p1pe;; iinl.l plants 
emerge from the mounta1nous 
terrain 
Straddlmg the border of So-
noma and Lake counucs m 
northern Cahfon"lla, the one-
time resort area known as The 
Geysers f'ncompasses the 
world's largest and most ~uc· 
ccssful geothermal energy 
fwkl 
Xf'stlcd abo\ c Callforn1.t 
wmc countrv. the rock-encased 
r!'Set\"Oit of 
3.):,-dcgrcl' 
H<'am feed~ 
plants cngt· 
neered to 
pump out 
1.900 mega· 
watts of elec· 
tnc1ty. That"s 
..1 httle shy of 
generating 
capacity m 
thC' t•ntltE' 
stoue of Ha· 
wan 
But after a 
decade of 
heav~· devel· 
opment. the 
rl'serVOif IS 
literally run-
The Geysers 
nmg out of steam, With power 
producuon droppmg dramaucal· 
Jy and future plant construe· 
uon curt.alied. 
"Geothermal 1s not a renew-
able resource.· remarks Harry 
B.un. a spokesman for the pnn· 
c•pal steam developer at the 
Geysers. l'mon 01l Co. of Cah· 
forn1a. "\\'c recogmzed that 1t 
would deplete. 1 thmk tha: 
what caught everyone by sur· 
pr1se 1s the depleuon accelerat-
ed ... At f1rs~. nobody wanted 
to believe lt_-
Envuonmental and produc-
tion problems at The Geysers 
have been used as ammunmon 
agamst proposed large·scale 
ge-othermal power 1n Hawau. 
But wh1le the energy poten· 
ual of The Gevsers was ob''l· 
ously overestm1ated. geologists 
say there are Important d1ffer· 
ences between these under-
!l"round steam pocket;; and the 
ma!l"!Tla-heated F"fOundwater on 
the east tift of K1lauea \'olea-
no 
Still. 1f the st• "'m merchant< 
•hold 11 all to do over ogam. "I 
At th1s end of the Mayacmas 
~Iount.ams. underground steam 
forms from water heated bv 
molten rock or magma. 1tseff 
the product of Immense pres· 
sure from a complicated colh-
sJon of geological faults. A 
system of f1ssures allows some 
steam to escape to the surface. 
When bear hunter \V1lham 
Elhon stumbled across the yel· 
low vents m 1847. the over· 
whelmmg smell of sulfur - or 
bnmstone - led h1m to call 
Geyser Canyon ~the gate of 
Hades: 
In the late 19th and early 
20th century, The Geysers 
were a popular resort offenng 
mmcral baths and 1nngoraung 
treks to col· 
orful spots 
With names 
hke Witches· 
Caldron and 
Dev11"s Tea 
Kettle. The 
neam·spew· 
mg fumaroles 
attracted 
such VISitors 
a;c L.""h·sses 
Gran:. ·}lark 
Twam and 
Teddy Roose-
velt. 
The energy 
potenual was 
first tapped 
m 1920. but 
commercial 
development didn't arnve for 
another four decades. 
Between 1960 and }larch 
1979, 12 power plants were m-
sta.lled on the Sonoma County 
stde. provldJng a tot.al of 608 
megawatts to Pac1flc G.as & 
ElectriC Co. The two largest 
plants carr1ed a generating ca· 
paqty of 106 megawatts. 
Agamst the Oil CTISIS of 1973 
and Wlth long delays m nucle-
ar power pl.ant construction. 
natural steam seemed an Ideal 
energy resource. By the I980s. 
large plants were the rule 
rather than the exception. 
"Everybody wanted geother-
mal: says Burr. 
Unoc:al. Thermal Power Co .. 
and Ph1lhps Petroleum added 
another s1x plants wtth a total 
capacity of nearly 700 mega-
watts. mdud1ng two 1n Lake 
County. One of the Lake- Coun-
ty plants. designated PG&E-13. 
wah d capacay of 135 mega· 
watts. 1s the lar~est geothermal 
plant m the world 
• .!\ nunbe-r oi other smaller 
pnvate~ -.mr1 mun1c1pal power 
·-------·------·----
Billows of water vapor rise from the ridge-top cooling towers 
of two 53-megawatt geothermal plants operated by Pacil1c Gas 
& ElectriC Co. in Sonoma County, Calif. 
generating mterests also eager· 
ly tapped Into the reservoir. 
ra1smg the total mstalled ca· 
piicny to about 1.900 mega-
w.atts. (Hawaii's Installed 
capacity 1s about 1.9~ mega· 
Wiitts.) 
To the consternation of all 
involved, steam pressure at 
The Geysers began to fall off 
rapidly m 1987. As a result. 
plans for two 140-megawatt 
plants and a smaller Ph.ilhps 
plant have been scrapped. 
And l"'nocal·s 16 PG&E umts. 
carry1ng a capacity of 1.100 
megawatts, have seen a steady 
decrease m power producuon 
to a current .average of aboUt 
7;:,5 megawatts. says a.m. 
•Too many straws m the so-
da.- remarks Lake County !u· 
pen•1sor Vor1s Brumfield. a 
reSident of nearby Anderson 
Sprmgs. 
\Vhu geolog.sts ducovered 
too late about the Geysers IS 
that the underground steam 1s 
surrounded to a large extent 
b~· oght formations of rock 
that prevent the reservoir from 
be1ng replenished rapidly by 
ram 
·The hypothesis 1s that there 
IS natural recharge.~ savs Bam. 
·we fe ... J 1t takes place at the 
edges of the reservoir. but it 
tends to be a sealed system. A~ 
an mdustry at The Gener:;. 
we·re ,..,thdra.,..1ng those -flUids 
a lot f.aster than nature can re· 
pl.ace them." 
One former eng1neer now 
v.ith a competing company put 
1t more bleakly. The Geysers. 
he saJ.d. are ·not m hvdroloe-:-
cal communication ~·1th the 
rest of the world.· 
Engmeers have attempted to 
produce more steam by InJect-
mg water 1nto the grour:d. b:.n 
the sudden rush of cooler fluid 
has caused rocks to C'Xploa~. 
damagmg the well eq:.npmer.: 
Only recently have expe~:­
rnents With re--mJeCtiOn pro,·ed 
encouragmg, says Bam. 
•\Ve"re begmnmg to sec 
some really dramauc results m 
a pressure smk where we"re u~­
JKllng: he says. ·There are 
not th.at many wells mvolved 
We wanted to isolate a part of 
the field where we can expen-
ment. but m some of these a~­
eas we·re expenencmg almost 
too--percent recovery.~ 
Overall. whtle the steam sup-
ply 1s tillhng off, ·we·re see1r.g 
a long tall: says Bam. l.""nocal 
eXpects to prov1de at least 600 
megawatt~ worth of steam to 
PG&E through the 1990:; 
J KILAUEA RIFT: The Geothermal Power 
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Deadly gas raises serious 
questions for Hawaii 
l!y Jim Bort 
Ad1·emur Sc1tnce \\'riltr 
Third In a nria 
PAHOA. Hawaii - A vapor 
cloud rose 1n early Apnl from 
the True. Mid· Pacific geother· 
mal drllhng site here on Kilatr 
ea's Middle East Rift Zone. 
Contrary to the assumptions 
or many local res1denu. the 
!'tC'am was not from an under-
,t'round pocket of \-'Olcanically 
ht>atcd water. 
Rather. it came from a wa· 
trry concoction poured do.,.,·n 
the well hole to cool the dnll 
bit. uys Allan Kawada. attor-
ne~· and project manager for 
the partnership. 
On!;e 1n contact wnh the hot 
rock and bit, the w.ater lxliled 
- a common occurence in dtil-
lmg operauons. he says. 
Dunng drillmg. steam is dt· 
\·ened from the drilhng r1g 
through what"!' colorfully 
called a ~blooie hne.· Sod1um 
hydrOXide 1s added m the lme 
to neutralize the most trouble-
~ome geothermal by-product, 
hydrogen sulfide. 
MThat enables them to effec--
tiVely control the hydrogen 
~ulf1de dunng the drillmg pro-
cess. says Bruce Anderson, 
state deputy dlrector of health. 
Sulfur in general and hydro-
gen sulf1de ln particular de-
~ervedly have a bad reputation. 
A word derived from the 
Latin for •burning stone: sul· 
fur or bnmstone has a bibi.Jcal 
association With the fires of 
hell. It occurs naturally in mol· 
ten rock created from volca· 
noes or the collision of driftmg 
contments. 
Its most common form is as 
sulfur dioxide. 
At the lower temperatures 
found in IH'otherrnal wells. 
from 300 tci 500 degrees Fah-
renheit. hydrogen sulfide be-
comes tht' more stable chem1· 
Ciil speCies. In large doses. ll 
can k1ll ai eff•c•enth· as cva-
mde. • · 
In April 1983. nvo geother-
mal workers lost consc1ousness 
.1nd two others were h~pltal­
J:ed when they encountered a 
pool of hydrogen sulf1de Oil the 
Kapoho State 1 well in Pl.Ona. 
Becau~e hydrogen sulfide is 
heaner than a1r. it may JtCCu-
muli!te to toxic )eve~ m low-
lying <~r<.>as. 
Th<.> dnlling company. Water 
Resources International Inc .• 
later was c1ted by tf.e slate La-
OOr Department for safety in-
iractJOns r<.>lating to the inc1· 
dent. The workers recovered. 
l'rllJCS of geothermal <'nergy 
worr:v ;J]oud aOOut simJl<ir but 
more !;erious acc1dents as well 
as long·term. low-level expo-
5UrP. 
"I ha,·e spent several months 
reset~rchmg the world's liter~· 
ture on the envJronmenW and 
health effects of 1eotherma1 
energy production. and J have 
come to the c6nclus1on that the 
un1que cond1t10ns 1n Hawau 
may preclude its sale develop-
ment and productiOn here.-
nys Dr. Steven lofoser of :\faui. 
who JOined the Pete Defense 
fund In a lawsuit last year 
asa~nn tht> Health Department 
and True Geothermal Energy 
Co. 
Sod1um hydrOXIde. the chem· 
teal u~ed to neutralize or 
·.ccrub" the hydrogen s:ulflde 1n 
;:he drtlhng ptOCfl';:. 1s also tox-
IC. :'-.loser s.;ud. 
·for <.'very :on of hydrogen 
•ulf•de produced dunng d~li­
ling. H>nt1ng and flow t<'Sttng. 
there are four or more tons of 
~0d1um hydro:~1de wh1ch must 
be u~ed.- he sa1d. "for t'iiCh 
well. tons of this tox1c chemi· 
caJ must ~ dlsposed of in an 
en\•Jronment.aiiy sound wlly.· 
Dr. Emmett AlulJ, a :\folokai 
physician and an officer wuh 
the Pele Defense fund, has 
\'OJC"ed concern that sulfuric ac· 
id from geothermal operauons 
could create ·acid rain· that 
"';u harm forests and v.1ldlife 
and threaten human health. 
Geochemists counter that 
naturally occuring amounts of 
sulfur - and sulfuric acid 
far exceed those generated by 
1eothermal activJty. 
::\feasurements by the t:.S. 
Gt>Oiogical Sut\'e.v at Puu O'o, 
where magma from Kilauea re-
l<.>•ses its gases. show that the 
,·oJcano t'mlls 1.700 tons of sul-
fur dioXide a dil\'. 
Researchers ~y the \'Olcano 
emits hydrogen sulfide. the 
o_ther gas. at about one-
hundredth to one·tenth that 
r.:ate. wh1ch adds up to 17 to 
170 tons per day. 
The level of hydrogen sulfide 
em•ss1ons from a geothermal . 
power plant <!epend on JUSt 
what control technolc-gy is 
used. 
But t:ruverSity of Hz-
wali geochemist Don 
Thomas estimates a 
]()()-megawatt plant Will 
produce about 0.13 ton 
per day. 
Durmg drilling and. 
well-head flow testing. 
True Mid-Pacific i;; lim· 
ited by the state Health 
Department to 8.5 
pot.mds per hour {about 
0.1 ton per day.) 
The limit for Ormat 
Is even tighter - 5 
pounds per hour. The 
tighter standard war 
set because Ormat Is 
closer to homes and in 
an area where the aeo-
thennal resOurce ·iS bet-
ter understood. be-cause 
of the HGP-A e.r;pen-
enee. 
Say1 Thomas. ·The 
amount that is commg 
out of Puu o·. is hun-~ of times greater." 
Once It mixes With the sur-
rounding or. "ambient• air, hy· 
drogen sulf1de Is convenienUy 
measured in paru per blJJJon. 
In Its proposl!'d admlnistrauve 
rules for aeothermal develop-
ment. the Health Department 
has spf'Cifled an ambient-air 
lim1t of 25 parts per b.Uion. 
That lima is Intended as a 
·nuisance standard," since ifs 
about the level at which the 
odor is likely to be annoymg. 
~ays Anderson. Jfs also consis-
tent with California's standard. 
t:sing the state-mandated 
·best available control technol-
ogy, .. geothermal developers 
say. levels of hydroaen sulf1de 
can easily be kept below 25 
parts per billion. 
The Health Department's 
perrrut for Ormat requires that 
combinl!'d emissions do not ex-
cel!'d 5 parts per billion above 
background levels during nor-
mal power-plant operations. 
The department's Sept. 20 
penn1t for True. Mld·Pacific, is-
sued before the proposed rules. 
calls for no more- than 100 
parts per billion for hydrogen 
sulfi~e at the property line, but 
that 1 likely ·tO be changed 
once the resource 1s better un· 
derstood. Anderson says. 
7be only time this level may 
be approached would be during 
"'open venting: says Anderson. 
During open venting. a process 
necessary to clean debris out 
of the well bore, geothermal 
steam ls released directly into 
the atmosphere. 
The Health Department's 
permit for True: Mid-Pacific al· 
lows open-ventmg of wells dur-
Ing the daytime for no more 
than four hours per day and no 
more than eight hours total 
during an:v well's lifetime. 
True's flf'st weU has not had 
to be vented. 
Another phase of the drilling 
process. fiow testing. involves 
wnting scrubbed steam and 
this typically has the most pro-
longed <.>ffect on ambient air 
quality, Anderson says. 
During the problems at 
HGP-A last Labor Day week-
end. measurements of hydro· 
• 
1en sulfide found 
short·term sprkes 
reaching as hilh as 46 
parts per billion, ac· 
cording to Anderson. 
Studies of the health 
impact of prolonged ex· 
posure to low levels of 
hydrogen sulfrde are in· 
conclusl\·e. 
For geothermal pow· 
er plants, about a half 
dozen hydrogen-sulfide 
abatement systems are 
currently avatlable. 
At The Gevsers in 
Califorma, hydrogen 
sulfide and other so· 
called non-condensable 
gases are removed by what i; 
known as a Stretford scrubber 
in the cooling tower complex. 
Pacific Gas & Electric Co., the 
principal plant operator at The 
Geysers, is part of a censor· 
tium negotiating with Hawaiian 
Electric over the proposed 
500-megawatt geothermal cable 
project. 
At the Coso Geothermal Pro· 
ject in California's Mojave Des· 
ert. hydrogen sulfide is sue· 
cessfully reinJected into the 
ground under pressure through 
a sealed well bore. The 240· 
megawatt Coso project. the 
first to reinJect non-condens· 
able gases, was developed by 
California Energy Co., part of 
the other consortium in the 
running for the mammoth Ha-
waii projecL 
Maurice Richard, regional de· 
velopment manager for Or· 
mat.· Puna Geothermal Venture. 
says his firm Will try reinjec· 
lion of hydrogen sulfide at its 
25-megawatt plant ·in Kapoho. 
Rod Moss, vice president of 
Mid· Pacific GeothErmal Inc .. 
part of the True Mid-Pacific 
partnership, says a decision on 
an abatement system depends 
on the pressure. temperaturP 
and chemical composition of 
the geothermal fluids. 
But if reinjection works for 
Ormat, says Moss, True. Mid· 
Pacific 'Will consider it. 
"If it works here. it could 
probably end up being the best 
a\·ailable control technology for 
the non-condensable gases." he 
says. • 
Aavortiser pii010 by Bn.ce 
True Geothermal project coordinator Allan Kawada points to the teeth on a 
drill bit at the firm's rig in Puna. 
Hydrogen sul(ide: .A p~imer~~.;-~;.-~:=·-~;;;i~;. 
. . -
Here's what the experts say about exposure to hydrogen sulfide, a 
gas emitted from geothermal wells on the Big Island. The numbers 
generally refer to one-hour averages of exposure: 
• Background levers at Kilauea - 1 to 3 parts per bimon. 
• Half the human population can smell it at 5 parts per billion. 
• Federal OSHA standards for exposure of geothermal workers -
10.000 parts per billion for 10 minutes. 
• Possible eye irritation - 10.500 to 21,000 parts per bi!Hon. 
• OSHA requires workplace evacuation - 47.000 parts per billion. 
• Respiratory d1stress - 500.000 to 700.000 parts per billiOn. 
• Rapid death - 1,500,000 parts per billion. 
The day the creek ran 
-white' 
Problems with The Geysers could serve 
as lesson for Hawaii 
By jim Borg S" • I' • to 
,\dnrti!'er Science Writer 
MIDDLETOWN, Calif. - Voris 
Brumfield glanced up from her kitch-
en sink at an unusual and alarming 
sight. 
"I was washing dishes, looking out 
my back window, and the creek 
turned white, milky white," she re· 
cans. 
The year was 1979 and Brumfield, a 
resident of the mountain forest com-
munity of Anderson Springs, popula-
tion 275, suspected immediately that 
the source of the po11ution was the 
nearby geothermal energy field at 
The Geysers. 
. In fact, the creek was flooded with 
··dri11ing mud, overflow from a drill 
rig's waste-water holding pond. The 
water, she was told, was white from 
the bentonite clay used in the drilling 
process. 
Only later did she learn that Ander-
son Springs got part of its drinking 
water from that same creek. 
Dotting a series of mountain ridges 
and canyons 75 miles north of San 
Francisco, The Geysers is the world's 
largest natural-steam energy field, 
with an installed capacity of 1.900 
megawatts, enough to run the state of 
Hawaii. 
While geothermal plants arc expen· 
sive to build, they have a number of 
advantages over tradi-
tional power genera· 
tion plants. The fuel 
supply is cheaper and 
the cost to the envi· 
ronment is far Jess 
than with plants that 
burn oil or coal. 
Yet geothermal de-
velopment at The Gey-
sers has suffered some 
Brumfield serious growing pains. 
Local officials say there are some im· 
portant lessons here for Hawaii, 
where geothermal energy IS at a cnt1· 
cal threshold. 
The environmental headaches have 
included sme11y sulfur emissions, toxic 
chemical spills from truck accidents, 
and ear-splitting noise from steam 
shooting up through the driJling rigs. 
O,t •..-.~~,. t'h"' r-~'"'hl,.........,,.. ..., .. ,., -.11 h,t 
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gone. 
"The industry is coming out of its 
infancy," says Brumfield. "I feel they 
have done an admirable job. There 
are errors, there are mistakes. There 
are human beings running the show. • 
Under California Jaw. counties hear 
much of the responsibility for issuing 
permits for geothermal projects up to 
50 megawatts and for monitoring 
compliance with environmental regu-
lations. Larger plants must get per· 
mits from the California Energy Com· 
mission, but the process has room for 
formal participation by the public. 
Since the day the creek turned 
white, Brumfield has been one of th8" 
most energetic and vocal watchdogs 
of geothermal development at The 
Geysers. Eventually, the residents of 
Anderson Springs became official par-
ties to the planning process for Pacif-
ic Gas & Electric Co.'s 135-megawatt 
unit 13, about a half-mile up the can-
yon. 
·our primary goal was to have 
them move the plant." says Brum-
field, who in 1984 parlayed her activ· 
ism into an elected seat on the Lake 
County board of supervisors. ·we did 
not succeed in that. But a lot of our 
secondary goals were met. • 
Among the concessions: geothermal 
developers contributed to a new $1.2 
See Gevoers, Pa~e A4 
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for Isles 
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million domestic watH system for Ander· 
~on Sprmgs. 
·our mtent1on was not to stop the m· 
dustry by any means. but to make sure 
they were copmg With the people who 
were hving here and not impacting the 
communav," savs Brumfield. ·And not 
screwmg up the "water: 
:'>lark Dellinger. geothermal coordinator 
for Lake Countv, which now has five 
plants capable of generating 425 mega· 
watts. says the relationship between the 
geothermal industry and local residents 
has improved dramatically from the days 
of "Wild West" style confrontation. 
"The mc1dence of spills has been going 
down as wE-'ve all become much more 
aware of these materials and waste.· says 
Dellinger. ·J think everybody's more cau-
tious." 
Dellinger has not visited Hawaii's geo-
thermal fields, but says many Hawaii 
busmess and government leaders have 
stopped m to see him over the last few 
years. "From what I have seen and heard 
in Hawaii, with all of the protests and is· 
sues - to be honest with you, it wasn't 
all that much different when· it started 
back here in the early to mid·'70s." he 
savs. "It takes a while to go through the 
learning situation: . 
Says Bob Reynolds, air pollution control 
officer with the regional air quality man· 
agement district: "Initially, there were a 
lot of problems. There was a really bad 
situation. a lot of opposition, a lot of law· 
suits. and it took about six or seven years 
to square it away." 
With the geothermal industry now ma· 
ture, most problems can be prevented 
with new technology and redundancy in 
the steam-flow systems. says Reynolds. 
who is also responsible for monitoring 
compliance with noise standards. 
"In terms of noise. they've got about 95 
percent of it licked," he says. ·Air quali· 
ty, I'd say we're approaching 98 percent." 
When geothermal wells tap under· 
ground pockets of steam and hot water, 
they also bring up a number of nox1ous 
chemicals and metals, including hydrogen 
sulfide - the nauseating ·rotten eggs" 
' smell - boron, arsenic, silicon particles 
and fluondes. 
In the last three years. there have been 
no hydrogen·sulf1de em1ss1ons exceedmg 
the standard of 2j parts per billion. says 
Reynolds. 
Dnll ngs cJn also carry up whatever 
metals m1ght ex1st m the mtervenmg 
rock. And the nmse produced by ventmg 
~ steam well 1s notonously loud. 
·When thev would hit steam. it would 
sound like a· 747. except it never went 
away,· recalls Brumfield. "It would roar 
for s1x. seven hours.· 
Boyd Lane Jr.. an Anderson Springs 
resident and former oil-well driller who 
attended Pearl Harbor Elementary School 
from 1956 to 1961. said the noise problem 
was worse than any sulfur smell. "It was 
terrible.· he says. "You couldn't sleep 
some nights. like on a calm spring eve-
ning. It's the kind of sound that makes 
people grind the1r teeth. • 
Reynolds says permits have forbidden 
routme unmuffled ventmg of steam for 
e1ght or nme years. 
"That is not to say it doesn't happen 
With accidents or on rare occasions.· he 
says. 
At its newest ng, t:nocal has placed 
lead shielding around the drilling pads to 
keep the industrial noise from drifting 
down to Anderson Springs. 
Noise also can be reduced by avoiding 
direct·drive generators mounted up on the 
rig deck, where the height allows sound 
to travel farther. says Reynolds. Drillers 
Middletown 
. ~- .· 
now routinely keep the generator low to 
the ground and muffied and run battenes 
off it to power the r1g, he says. 
"In the last year and a half. (the both· 
ersome sounds) have gotten less." says 
Lane. 
Another problem that has been solved 
is the release or "stacking" of unfHtc~ed 
steam mto the a1r when the power plant 
suffers a shut·down. 
·The real problem wnh a geothermal 
power plant. unlike any other a1r cm1s· 
s1on source. 1s. when they break dowr.. 
you can't just shut off the steam," says 
Reynolds. 
The newest plants have bypass systems 
that route the steam around the turbine 
but through the plant when it is shut 
down, rather than sending it directly up a 
stack. "Instead of stacking, you run the 
steam through the abatement systems." 
says Reynolds. 
:-<early all plants now can shunt their 
steam to a second turbine or another 
plant in the same field. Reynolds said. 
The operators take steps to prevent soil 
erosion and also to replant native vegeta· 
t1on once the wells. p1pes and generating 
houses are m place. 
"I'd say m general they are doing pret· 
ty well." says Dellinger. "As regulators 
and compliance monitoring people. w<> 
have gone through a learning curve as 
well as the industry. And it has taken a 
while to learn from each other and learn 
what is possible and what may be possi· 
ble in the future. 
"You can find a whole school of people 
out there who are not happy with gee· 
thermal development, but if we have a 
credible enforcement and compliance 
monitoring program, it becomes more ac· 
ceptable to them." 
... 
·r,Geotherntal debate finds fuel new 
in rainforest preservation issue ' 
La.•l in n s"rit•• ., G, • 'D 
By jim Borg .. / 
.\d\lTii~L·r Sl"il'IH't' \\'mn 
PAHOA. Hawaii - For 60 years, 
1-h'nr.v Auwat• ha." h£'C'n gathPring 
medkinal hl'rh< 111 the \\'ao Kd" 0 
Puna ramforl'st. 
Auwac, 79. who lives in Kcaukaha 
outside of Hilo, is a Hawaiian herbal 
medicine doctor, or kahuna la'au la-
paau. 
His practice depPnds on his access 
to the forest of the ahupua'a, a tradi· 
tiona! land division extending from 
the mountain to the sea. The ancient 
rights or natiVI' Hawaiian~ in thc~c 
undeveloped ar~as have been af-
firmed by the state Constitution. 
Auwae gathers pink opiko to make 
tea for women who have had miscar· 
riagc•. He finds true koli. the castor 
bean plant, useful in the treatment of 
diabetes. 
"Wao Kele 0 Puna produces thesP 
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plants with a quality and potency I 
have found nowhere else," says Au· 
wae, who last year went to Washing-
ton, D.C .. at the invitation of the 
Smithsonian Institution to share his 
knowledge. 
But since the TruetMid·Pacific g<'u· 
thermal enterprise began bulldozing 
the forest to clear an eight-acre dril· 
ling site last fall, Auwae says he has 
Henry Auwae, at home In his m .. diclinAI 
garden outside Hilo. 
becom" l'Oncerned about the future 
of his natural-medicine chest. 
"Much opiko had been uprooted." 
he said after one visit. "Also knocked 
down wt•re the koli and pa'imu. Due 
to the difficulty I encounter in fmd-
ing these plants, I was very dis-
turbed by this destruction. I also saw 
knock"d down medicinal plants and 
trees which take many years to 
grow ... " 
Auwae in February made his objec· 
tions known in an affidavit to the 
U.S. 9th Circuit Court of Appeals. 
A lawsuit by the Pele Defense 
Fund challenger! the 1985 decision by 
the state Board of Land and Natural 
R!'sourc••s that allowed the state to 
swap its Wao Kdc 0 Puna property, 
a natural area reserve, with land 
owned by the Campbell Estate in Ka· 
hauale'a, nearC'r Hawaii Volcanoes. 
National Park. ' 
\Vhile residents in the Wao Kcle 
See Geothermal, Page A4 
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ahupua'a kept the1r gathering 
r1ghts. Campbell Estate hopes 
to develop extensive geother· 
mal-energy fields in the part of 
.the forest designated as the Ki• 
Jauea middle east rift geother-
mal resource subzone. 
On May 4. thf' S&n Franc::!-'· 
co-based 9th C1rcu1t Court up· 
held a lower court ruhng 
sanctioning the exchange. 
Forests are good for at least 
two reason~: for the wealth of 
plant; and an1mals theov em· 
brace. and becau!=e Plants 
cleanse the air of carbon d1ox· 
1de. <t suspect m pos~1ble global 
·:;-:-eenhouse" wanrnng. 
Wlule many Amencans arc 
concerned about the slash-and-
burn destruct1on of the Ama· 
zon ramforests of Brazil. the 
situation on this southeast 
slope of Kilauea Volcano is -cer-
talnly less aevert. 
Hawaii. the fourth smallest 
state, ranks seventh highest m 
state-owned forest lands. toW· 
1ng 900.000 acres. "'-,th another 
270.000 acres m national parks 
and wildlife refuges. and 29.000 
acres under sole or shart>d 
managt>ment of Tht' Xature 
Con~er•;anc:v. 
But tht>re·s a more cbsturbmg 
perspt'Ctl\'t'. Hawau"s lowland 
ramioresu havt' bt'en chopped 
to about a tenth of therr pre-
settlement extent. estimates 
J1m Jacob! of the U.S. F1sh and 
Wildlife Ser·nce's Mauna Loa 
research stauon. 
The quesuon of the Temaul" 
mg forest's 1ntr1ns1c ,·alue IS 
open to debate. 
A biological survey of the 
forests m Puna was completed 
m 198~ by the l"nl\·ersJty of 
Hawau botany department for 
the state Department of Pli!.n· 
mng and Economic Dt>velop· 
fi\t'nl. 
Learu.ng the team waE boti!.· 
n1st Charles Lamoureu.x. assoc1· 
ate dean for academ1c affillrs 1n 
the l"H Colleges of Arts and 
:::OC1ences. BUllcbng on work by 
the l'.S. Forest Serv1ce, La· 
moureux placed the landscape 
into several categones based 
on \'egetatJon. rang1ng from 
Pnstme oh1a forest to barren 
Java flows. 
Lamoureux concluded th.:n 
t>eotnermal acn~lopment couiJ 
Led btolo;lcal survey 
indeed destroy native habitats. 
but that the most abundant 
tracts . of pnsune Ohia forest 
wert' iD the new state l:uid, 
swapped with the Campbell Es-
tate. at Kahauate·a, far from 
the Kllauea geothermal sub-
"""'· He defines pristine as ·a 
more or less mtact wet nanve 
forest community" - closed 
canopy forests ~ith lower lay-
ers of other nauve trees, tree 
ferns and !hrubs. Introduced 
exouc plant !pecJes are rare m 
these areas. exc:ept where they 
ha..,.e been established by root· 
mg PIJS. he says. 
Nearly all of the forest in 
\\"ao Kele. where the geotheT"' 
mal subzone is Situated. Is a 
wet ohia forest underlaid by 
foreiJn shrubs. primarily straw• 
berry JU•'·a. says Lamoureux. 
Wao Kele certamly qualifies 
as a lowland tropical ramforest 
{below 3.000 feet in elevation. 
more than 100 inches of ra1n 
per year. and more than 50 
percent nat1\·e canopy coverl. 
In all. the !'tate DI\·Jslon of 
Forestr\" and \Vildllfe lists mne 
other iuch forests on fi\·e is· 
lands. Howe\·er. the 27.0CJO...acre 
""ao Kele uact is part of the 
largest s1ng1e expanse of l".S. 
tropical rainforest. totaling 
60.000 acres. 
The state estimates that de-
"\'elopment of 100 megawatts of 
power on Kilauea's m1ddle east 
tift would mean raz1ng 350 
acre;. about 1.3 percent of Wao 
Kele and about 0.6 percent of 
the cnt:r!' Pur:a lowland forest. 
lnitalling plants to provide 
500 megawatts to Honolulu 
would requJTe proportionately 
more cutting. 
Everyone agrees that road· 
ways between drill Sites and 
power plants Will create avr 
nues for the migraUon of even 
more fore1gn speoes, since ev· 
ery vehicle can carry seeds in 
on Jts ures. • 
The Campbell Estate s._ys 
the roadsides will be inspected 
periodically and exotic interlOp-
ers will be dosed with herbi• 
cide. Envtronmental groups say 
they doubt this botanical bor-
der patrol will catch every 
.Wen. 
While no one disputes La· 
moureux's conclusion about the 
near·prtstine nature of Ka· 
hauale'a forest. much of which 
Is over 3.000 feet in altitude. 
others argue the Puna forest 
ecosystem should be considered 
as a whole. . . ,. 
Say& Nelson Ho, regional 
vice president of the· Sierra 
Club: "What we've- Jtll 'is one 
botanist isolaUnJ one chapter 
In the book of the rainforest 
and saying, 'There are better 
p1eces of literature than thls. 
Let the de"\-·elopers do what 
thev want.•• 
•)fy 1eneral feeling is none 
or these areas warrants sacr1· 
lice: says Dan Taylor, chief of 
resource management at Ha· 
wail Volcanoes NaUonal Park. 
"They m1ght be weedy and 
somewhat degraded, but any 
forest that gets cleared never 
comes back.~ 
l"H botany professor Dieter 
Mueller·Dombois argues that 
an important measure or a Ha· 
wa:nan forest's value ls lts abtlt-
ty to re-coloniZe lava no ...... · -In 
this process ohia is particularly 
adept and strawberry -ruava 
and other ahen invaders large-
ly irrele\·ant. he A)'l. 
~~ agree prJStine rarest it u.· 
tremely \'aluable. but the ques-
tion in thts particular sitUation 
is whether there is sUll enough 
naU\·e vegetation arouad· to 
remhabit the new lava flQws," 
sa.ys Muelle!""'"DombotL "A tot"' 
~t is ·not a static unit that I:IU 
there and has no other func-
tiOn but to remain pristine.~ 
The Wao· Kelc forKt ts also 
important for studies of tGe 
f'\'Oiuuon of kipukas. oases of 
forest m the la\"a desert. b1olo-
The state land at Kahauale'a. obtained from Campbell Estate, contains Puna's best-preserved 
tracts of ohia. far from True/Mid-PacifiC site. shown in this map ba~ed on Lamoureux survey. 
gists say. Since the land swap, Bishop Museum, disagrees. Co· 
lava flows have wiped out nant, who has studied the ecol· 
much of the lower Kahauale'a ogy and breeding biology of 
forest and the small areas of Hawaiian birds since 1964, says 
prisune ohia found tn the mid· roads and n01se will have a se-
dle east rift geothermal sub· rious effect on the bird popula· 
zone. tions. 
What about birds? "To suggest that birds could 
The Lamoureux team's orni· 'move away' from an immedi· 
thalogist. Andrew Berger. con· ate source of danger or irrita· 
el-uded: "'Onlv a few endemic tion is unrealistic;:,"' she says. 
forest bird sPecies inhahlt the "'If the birds can move away 
forests of the east rtft zone of before they are killed. they 
Kilauea Volcano, and their pop· will be forced to move either 
ulatiOns are low m comparison to an unsuitable habitat or to a 
to their numbers. at higher el· habitat which is already occu-
evauons. None of these endem· ·pied by members of their oVw-n 
ic forest birds is considered to species. In either case. the indi· 
be endangered or threatened viduals that move have little 
with extinction... chance of survival because the 
A small number of Hawaiian resources they require will not 
hawks occupy the ,east rift be abundant enough to support 
zone range, Berger said. but them.'" 
they range far enough to avoid For Hawa1i's energy plan-
any objectionable effects of ners. who hope to reduce the 
geothermal development. state's dependence on fossil fu-
Sheila Conant. t·H associate cls. Conant's scenano for \Vao 
nrofes~or of Q'eneral scJer."l' Kelc.>:; dJsoiacPct bird:;; has a fa· 
Unci 0..1 research~ a~son:nc .:n th!' m1har rmg. 
What will Hawatfs groWlllg 
population do when oil for 
electricity Is no longer abun· 
dant? 
The arguments over geother-
mal energy in Hawaii ultimate-
ly may be refined tO.a painful 
trade-off between firiite natural 
resources - the liVing legac~· 
of Wao Kele and the geologtcal 
remnants of long-dead .'forest> 
we now import as fuel. · · 
Judging from recent prot!'st~. 
much of the opposition to geo-
:hermal development may b<' 
iocuse~ against industrialization 
of any kind in the relaxed, ru;-
tic Puna district. Residents ur.· 
dersta.ndably may not want to 
see their lifestyles sacrificed on 
the altar of air--conditioned Ho-
nolulu high"l'ises. 
Then again, trees and birds 
don't vote. 
"I think the protest< will 
continue ... says state Sen. ·.And:· 
Levin. D·lst District (KailuJ· 
Kona·Ka'u-Punal. "I think thL· 
development will conunue.-
Tbr J:i.ODI)IW~ AQI't~~-"', 
-· 
Struggle 
.; .... • --~- - . . ..... ·r.-- .. ~--
!Coso geothennal 'Project 
alks thin line W. 
A path between Navy ballistics, a fragile 
de·sert and arrowhead sites 
ByJU.Iorl 
.-\dveniH'I' Sciente Wmer 
CHJ~.A LAKE NAVAL 
WEAPONS CE::'I>TER. Calif. -
-Sevt!ral times a month. WI~ 
crews that run tht' Coso .Geo-
thermAl ProJeCt Sfl-'lw _,IJI.d 
walk oft the job. --
Tbi evacuabDn IL ·requir.ed 
by .r.he Navy, which operates 
an elaborate ordnance-testmg 
rangt! in th1s 3.000-foot-hlgh 
corner or the MOJave Desert... 
So one wants a nray cnlf!l!' 
rruss1le to <:laun ln·cs o.~s v.-cH a~ 
propeny. 
For two or thee hours at a 
nretch. Coso's hlgh·tech steam 
turbmes spm under th~ guid· 
ance of computers. \\o'hen the 
range reopens, the crew& re· 
turn and plck up where they 
left off.---.-· 
M\Ve desfrned the plant so 1t ~~~~~~~;~~-JL-~:~~~~~;;;:;;;;;;'~~J could op:&ate itself and shut it· self do\!(D ·. if something goes 
wrong.~ .cays Lee Eu.ell. vace 
presi~ni for plant operations 
w1th California Energy Co .. the 
Coso ProJect develope~. ·Any 
cl.larm goes off. It shuts dO\o\"ll.-
Perched on an o1nc1ent net-
work of se1smic faults between 
the Sierra Xevadm and Co~o 
motmtalns. the S61:'i-million op· 
erat1on smce January has been 
churmng out 240 rvego~waus of 
dectricitY for !io),JttwnJ Caltfor 
n1a Edison. This is now -the 
second-largest Commercial geo-
thermal faeld .in lh~ l'nlted 
States; ·• ~·-· 
CaliiDrnla Energy Co. and us 
engmeermg and construction 
contractor, idlsSJon Power En· 
811leenng CO .. are membeu of 
Kilaut!a Energy Panners. one Gas & Electric g~enmU field 
of two group~ negotlatmg With ;n The Geyers 1n northern Cal· 
Hawaiian Electric Co. for poss1· iforn1a. ' 
ble development of 500 mega· And while Coso is not the 
watts. of geothermal energy on only -geothermal plant run at 
the Bli"--Island.. · · times by computers. it has be-
While the !ltojav~·s subterra· come a mod~! for the mdustry 
nea11 &oup may be markedly for· ils relauonsb1p w1th the 
di!feraat from the geothermal fragile desert ecosystem and Its 
resource betteath Kilauea. Plt! technique for dealing w1th the 
bmc technology for harness.mg dark side or the geothermal 
hot' wiiiter and steam rem'i1l'ls force: 'hydrogen sulfide. 
the ume. Through 61 wells rang~ng up 
~New _Zealand. Italy. Jap&lh \0 two miles deep. the Ca-o 
the Phihppmes. Central Atiu~ri- · pr~ ~ps pre-ssuriZed 400-de--
ca bcmcally all have similar gree .water. Hd by mountain 
condmonf.- savs Etzell. who runoff. Only three lihallow 
has also v.-orked at the Pacif1c wells produce from a. steam 
. : ._ ... 
A geothermal ProduCtiOn well feeds c~O·s Navy-1 ptant II\ the Mojave Desert 
• reservo1r . 
The n1ne Coso generator!t use 
a "double flash" system of geo-
thermal power production, 
meaning steam separates from 
water tWice at different pres· 
sures. The water that cascades 
from the plants' cooling towers 
- the noisiest part of the op· 
erauon - then is reinJected 
through wells penetrating deep 
Into the ground. 
Since Coso is a water-domi· 
nated system. as are Kilauea's 
geothermal zones. 1t hasn't had 
the problems With water retn· 
jectlon exper.enced at The 
Geysers in northern California, 
a reservoir of almost pure 
steam, where sharp tempera· 
ture differences have damaged 
some injection wells. 
T.oxic . hyQJ'ogen sullide gas is 
re1..,ected ak>ng With" the con• 
densed steam and waste brine. 
·we put the gases back 1n 
the water and put it all back 
in the ground." says Ezzell. 
.. \Ve end up With a cleaner 
system.-
Adds Cal Energy·; env~ron· 
menta! compliance techmcian. 
Jony Homer. ·\Ye don't put 
... t~ything mto the ;;ur but ,...-ater 
vapor.·· 
In terms of cleanliness and 
plant safety. geothermal power 
has huge ».dvantages O\'er ev· 
ery other form of power gener-
ation except hydroelectric. says 
Sean ~laney. the 28-year-old 
superv1sor of Coso's )l;avy·l 
plant. 
·1 don't have a boiler, I don't 
have a reactor plant." says Ma· 
ney ... All rve got 1s some hot 
water commg out of the 
ground. \\·e·re the original 
plant that recycles everything 
that's produced m the f1eld." 
Although the project IS on 
federal l,.nd. the developers 
comply \Vlth the environmental 
requirements of the Califorma 
Energy CommiSSIOn and Call· 
forn1a Department of Fish and 
Game. 
Bob Haussler, manager of the 
commtsstan·s environmental 
protccuon office m Sacramento. 
g1v£>s h1gh environmental 
marks to Cos'o in particular and 
geothermal energy 1n general. 
Dunng drilling and construe· 
tiOn at Coso. the commission 
was concl!'rned about the ef· 
fects on archeologJcal sites. 
Haussler ~av~. Somt- 6.000 to 
';.000 ~:Pnrs ·dgo. natiVe Amen· 
cans flockt'd m great numbers 
to the desert. where they col· 
lected and fashioned obsidian. a 
dark volcamc glass. into knife 
.~ ... 
. '':2t~,~t~~iJk 
. ' 
'· ... fy;;:,(d~%~~~£~·,;~1, ;;:.• .. · 
points and arrowheads. 
Cal Energy agreed to pre· 
serve as many Sites as possible 
and cauuog tho•e that had to 
be disturbed, oays Haussler. 
"I'm not aware of any v1ola· 
tions." Haussler said in a tele· 
phone interview. 
To an unschooled eye, the 
Mojave may seem a wasteland, 
but b•olog1sts know better. 
The desert supports a trea· 
sure house of ammal and plant 
species. some of them. l!ke the 
JOshua tree and desert tortotse. 
endangered. 
The company has gor.c as far 
as to dig up and relocate an 
entire den of state-protected 
mojave ground squirrels, says 
Homer. 
\Yorkers also routinely rake 
up tire tracks that would oth· 
erwase mar the desert surface 
for a decade. he says. 
·one of the real challenges " 
g01ng to be ensurar.g that for 
the long·term we are able to 
keep all those balls m the a1r. ·· 
says rNtrcd ~lat. l;cn. :\larl-\ 
Sistnvak. the Co:::o nrou.•rt'-
geneial manager omrl .~ 32-year 
veteran of the Army Corps o:' 
Engtneers. "'lt helps to know 
how the federal bureaucracte5 
and state bureaucracieS \\·ark.· 
A lone joshua tree stancts amid p<pes onct power lines on the Ne.vy tc&t;n~ ronge. 
Tribes turn up the heat. on 
hot-springs change 
CHI!\A LAKE !\AVAL WEAPO!\S 
CENTER. Cahl. - In th1s drv "nd 
·ugged country, home of the ·desert 
I(Jt fox. mojave ground ~q\urrel .ll1d 
.:ottontop cactus. CaltfornJa·s ncwc.:t 
geothermal energy fleld coeXIS1s with 
nature,· t~· Navy and hundreds of 
Xative AmeHcans. · 
The ~XIStence Is not always 
oeacefui. - · .. · 
· In lata March. the Pa!Ute-Slioshone 
Counc1l. rcpresentmg 1.060 members 
m seven_ tribes m California and r;e .. -
vada. ofrered up ns latest protest to 
the just-completed $615-m!lhon Coso . 
Geoth~al ProJect. 
Earlier tlus year, the last of nme 
generators came on line at the Coso 
project, developed by Califorma Ener· 
gy Co. 
At 1ssue IS the Coso Hot !:)prmg~. 
located in the heart of th1s huge and 
hush·hush weapons·test111g range. 
F'or th'._. Indians. the hot 'prmgs 
hold religious S1gn1ficanee much the 
~ami! :way that volcanos. -.re 1rnpor-·. 
tant to some people in· Hawaii as a··· 
mamfestatiott of the ancJent goddess~ 
Pele. · • 
The Coso springs have been the fo· 
cus of medicinal pilgrimage' smce 
prehistonc tiines and in 1976 were 
des1gnated. a national historiC site. 
"We'd use the mud for aliments, as 
a salve. w says Sandra Jefferson 
Yonge, tribal leader of the nearby 
Lone Pine Indian Reservauon. home 
to 235 native Americans. "'\Ve"d use 
the steam for sweat purposes. a me-
dJcmal type of activity ... ·You can·t 
:Separate religion and yoW. medicme 
and the Earth. • · 
~ut now ·d~ springs are changmg 
- ·.sprouting hotter·than·normal 
st<;!\rn llll.d_mud volcanoes - rnrf the 
council blames the adjRo:nt gt .... < 'ler· 
mal plants, also on N<~vy bnd. 
,. 
"The slle has been desecrated, • 
says Yonge. 
At the Navy's request after the 
tr1bes' mitlal protest last year. Cali-
forma Energy pa1d a consultant to 
look at the problem to determme 1f 
the remJectJOn of geothermal fluids 
from the Coso plants could account 
for the changes at the spnngs. 
The conclusJon: 1t could not. 
t.:nsallsfled. the tnbes asked for a 
rev1ew by two geothermal scJentists 
who found the consuJtant"s report 
·substandard." said Yocge. 
Now she's asking the Navy to kick 
m $60,000 so the counctl can commis-
.. . . -· - .... 
sian its own study. 
If a second study finds the Coso 
proJect at fault, •we fully expect thot 
the Navy will enforce its contract 
With Califorma Energy Co. to 1mple· 
ment a mittgauon plan La lessen. 1f 
not eliminate. the destruction and 
desecration of Coso Hot Spnngs. • 
.ays Yonge. "The heritage of all 
.Americans 1s at stake here:· 
Califorma Energy officials say the 
Coso Hot Spnngs are most likely un· 
dergoing natural changes typ1cal of 
centurtes·long cycles of geothermal 
actlvity. 
-Jim Bore 
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EXECUTIVE SUMMARY 
The actual implementation of the PGV Emergency Response Plan went 
reasonably well. Concern from fire and police personnel over 
health risks and confusion on the part of citizens over how to 
proceed during the on and off again alert notification in the 
Leilani Estates Subdivision were a cause for some difficulty 
during the response. Confusion over the applicability of 
temporary housing cost reimbursement in relation to the 3,500 
feet perimeter and the function of the PGV Employee Alarm System 
also served to exacerbate the stressful nature of the emergency 
response to the blow out. Nonetheless, the evacuation and alert 
were successful. 
Based on the experience of the 12 June 1991 upset incident, the 
PGV Emergency Response Plan should be reviewed and revised 
appropriately. Such a review should henceforth be conducted 
annually, along with exercising the plan. 
The Pahoa Community needs to understand how these issues are 
resolved so there is no confusion in the event of another upset. 
Emergency air monitoring, concern over emergency H2s action 
levels and PGV emergency notification are other areas that 
require review and improvement. 
The following summary recommendations are provided based upon a 
preliminary review of the 12 June 1991, response to the PGV well 
blow out: 
1. The Department of Health (DOH) should complete a 
revised analysis of the hazard of an uncontrolled 
venting of the PGV Well. 
2. DOH should complete a health review of the warning, 
alert, and emergency action levels for H2s. 
3. DOH should complete a review of H2s monitoring 
capability and procedures for upset conditions. 
4. Upon completion of 1 through 3 of the above, the Hawaii 
State Emergency Response Commission and Hawaii County 
Local Emergency Planning Committee should review, 
revise and exercise the PGV Emergency Response Plan. 
5. The Hawaii County Planning Department should resolve 
confusion over housing reimbursement and the function 
of the PGV employee alarm system. 
6. PGV should review notification procedures and provide 
appropriate verbal and written notification to ensure 
compliance with the Emergency Planning and Community 
Right-to-Know Act of 1986. 
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I. BACKGROUND 
In July of 1990, after seven months of review, the Emergency 
Response Plan for the Puna Geothermal Venture (PGV) 25 MW 
Power Project Geothermal Resource Permit: GRP 87-2 was 
accepted by Hawaii County and Hawaii State government 
agencies to fulfill permit requirements. Approximately one 
year later at 11:06 p.m. on 12 June 1991, an uncontrolled 
flow event at the PGV Well activated the Emergency Response 
Plan. During the approximately 31 hours of the release, 
PGV, County and State agencies, and volunteer organizations 
worked with citizens to respond to the release, evacuate 
households in the Lani Puna Gardens, alert residents in the 
Leilani Estates Subdivision and, provide shelter and 
security, while the release was being brought under control. 
Another important factor in the response was conflicting 
information that may have caused confusion. During and 
after the response, questions by citizens were raised over 
reimbursable costs for emergency response, the function of 
the PGV alarm, and the general applicability of the 3,500 
foot perimeter as defined in the Geothermal permit, and 
other issues that relate to this incident. For example, 
under the permit, PGV is required to reimburse community 
members that must be relocated for a controlled venting if 
they are within the 3,500 foot perimeter. PGV is not 
required to reimburse community members for relocation costs 
for uncontrolled venting during emergencies, etc. 
PGV has an employee alarm system at their facility for their 
own emergency use. The alarm is not meant to be used by 
citizens for their notification purposes. Nonetheless, a 
number of citizens have expressed concerns that they did not 
believe that the alarm system worked properly so that they 
were notified of the emergency. Other citizens have noted 
that PGV did not use the alarm in all events when they 
should have. 
Finally it should be noted that the PGV Emergency Plan had 
never been exercised and this is the first time a geothermal 
release has prompted an evacuation in Hawaii. Therefore, 
this is the first time the emergency response plan has been 
evaluated based on an exercise or an actual experience and 
affords an opportunity for PGV Emergency Response Plan 
improvement. 
II. REVIEW OF RESPONSE AND DISCUSSION 
A. Sequence of Events 
A brief review of the essential sequence of events that 
occurred during the response is included in Appendix I. 
It is not complete, but provides a general outline of 
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the key events that occurred. A summary of Appendix I 
is provided below. 
Wednesday. 12 June 1991 
At 23:06 PGV reports the well blow out occurred. At 
23:15 a citizen notified Hawaii Fire Department 
(HFD) of a possible Geothermal venting or upset 
event. HFD immediately notified Hawaii Civil 
Defense (HCD). PGV contacted HCD at 23:25. At 
23:34 PGV requested HFD provide an ambulance for two 
minor injuries. At 23:45 Hawaii Police Department 
(HPD) reported a 60 foot steam cloud from the Well, 
wind coming from the southeast and headed for the 
Pohiki area. 
At 23:30 HPD arrived on-scene at the pre-designated 
command post, a third of a mile east of the Well 
head. 
At 23:55 HCD requested Department of Health (DOH) 
hydrogen sulfide (H2S) monitoring support. DOH 
estimated a time of arrival to the command post at 
01:30. 
Thursday. 13 June 1991 
At 00:10 HPD commenced evacuation of Lani Puna 
Gardens based on recommendation by PGV. HFD noted 
that they were not notified of this event. HCD 
noted that this was due in part to the fact that the 
evacuation was for a small number of households (5). 
At 00:50 HCD contacted HFD at the Emergency 
operations Center, Hawaii Civil Defense Agency, 
Hila, Hawaii. 
At 00:50 HCD contacted the Red cross to open the 
shelter at the Pahoa Community Center based on the 
Lani Puna evacuation. 
At 01:00 PGV reported first monitoring data just 
outside the fence line of the perimeter of the well 
site, 20 parts per million (ppm) of H2S, and a 
second reading 29 ppm of H2s. 
At 01:10, DOH monitoring staff contacted the Deputy 
Director for Environmental Health, who recommended 
proposed H2s action levels be used as guidance in 
protecting public health. It was recommended that 
the residents be relocated if H2s levels are likely 
to exceed 10 ppm as a one hour average. 
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At 01:25 DOH monitoring from Lanipuna Street 
reported less that .5 ppm H2s (the limit of 
detection for the Dreager tube being used). 
At 01:13 a house-to-house alert was initiated by HFD 
as requested by HCD. This alert was for the 230 
homes in the Leilani Estates Subdivision. These are 
approximately one-acre lots and the houses are 
spread far apart, therefore it took a substantial 
amount of time to notify each household. 
At 01:30 the Red Cross reported that the Pahoa 
Neighborhood Center Shelter was open and, at 01:37 
roadblocks were established by HPD at three points 
to control traffic near the effected area. 
At 02:15 HCD requested HFD to stop the house-to-
house alerts in the Leilani Estates Subdivision. 
This decision was based on the determination that 
the situation required reevaluation and a review and 
coordination of the alert message that was being 
provided to the Leilani Estates Subdivision 
residents by HFD. 
At 05:00 HCD notified all radio stations of the 
Alert Advisory Status of surrounding residential 
areas for any individuals that may be experiencing 
any unacceptable nuisance or health effects from the 
release and that persons should report to the Pahoa 
Neighborhood Center. A copy of the announcement is 
attached in Appendix B. At 05:15 HCD, based on 
their reevaluation, determined that the uncontrolled 
venting would be prolonged and that the house-to-
house alert should be continued. At 09:15 the 
house-to-house alert was completed. 
Friday. 14 June 1991 
At 06:30, PGV reports the well had been shut in. 
B. Release Notification 
At 23:06 PGV reports that the uncontrolled flow event 
began. PGV then notified HCD at 23:25. Therefore, 
estimated time required for PGV to notify response 
authorities initially was approximately 19 minutes. 
During this time, PGV reports that they were moving 
injured workers away from the drilling rig and securing 
the immediate area around the rig. 
Notification of releases of H2s above the reportable 
quantity (RQ) of 100 pounds in a 24-hour period should 
be provided to the National Response Center (NRC), State 
Emergency Response Commission (SERC), and the Local 
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Emergency Planning Committee (LEPC) under Section 304, 
Emergency Planning and Community Right-to-Know Act of 
1986. By contacting HCD, PGV met notification for the 
LEPC. PGV requested HCD to contact DOH in order to 
comply with requirements for State Emergency Response 
Commission notification. PGV did not notify the NRC. 
As of 22 June 1991, the State Emergency Response 
Commission did not receive a written follow up 
notification of the H2s release. 
The release of H2s most likely exceeded the RQ. 
c. Site Response By PGV 
PGV secured the site and only allowed authorized 
personnel to enter the site. PGV's site response based 
on limited information appears to have been conducted 
appropriately, at least in regards to security and 
coordination with agency personnel. Further evaluation 
of alternative technologies to control a well kick, and 
well venting in the event of an uncontrolled release 
should be conducted and is being pursued concurrently by 
a state funded team of experts. 
It should be noted that for a certain period of time it 
has been reported that in order to control the well, the 
venting was directed horizontally, instead of 
vertically. Therefore, based on the PGV site response, 
a hazard analysis should include horizontal, as well as, 
vertical venting to determine more accurately the 
potential of H2s concentrations that might be generated 
in the surrounding community from such a release. 
HFD expressed concerns over the possible need for a 
rescue of injured personnel during a well head venting 
if a PGV rescue could not be conducted. Potential for 
personal protection equipment contamination from well 
steam indicates decontamination for first responders is 
also an issue. These concerns should be investigated 
further to determine the likelihood of this occurring, 
and appropriate planning completed based on this 
analysis. 
D. Agency Notification 
As described in Appendix I, it appears agency 
notification worked exceptionally well for this 
response, in that, HCD, HPD, HFD, DOH, and ARC were 
immediately notified in a timely manner and, based on 
distances to be traveled, responded to the appropriate 
locations in a timely fashion. 
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E. Public Alert Notification and Evacuation 
Generally, public notification went well. 
The high H2s (20 and 29 ppm) concentrations reported at 
01:00 supported HCD's decision to initiate alert 
notification procedures for residents in Leilani 
Estates. HFD implemented the alert notification in 
Leilani Estates 13 minutes after the HCD request. 
Eleven minutes later, at 01:25 DOH reported less than .5 
ppm H2s on Lanipuna Street. It appears that H2s 
concentrations may have declined rapidly after the 
initial release. 
Subsequent to the incident, citizens expressed concern 
over confusion as to exactly what was happening and 
where they should have been directed. Review of the 
verbal message provided by HFD staff conducting the 
house to house evacuation indicates that the reports 
were clear and appropriate. 
Since the alert advisory of Leilani Estates was 
initiated at 01:13 it appears that the radio stations 
should have been notified of the advisory at this time. 
This may have reduced the amount of citizen confusion. 
At 05:00 HCD notified the radio stations of the 
evacuation. 
The on again, off again nature of the alert advisory 
probably caused some confusion on the part of citizens. 
The alert was suspended from 02:15 to 05:15, a total of 
two hours. It should also be noted that HFD and HPD 
personnel expressed concerns about their potential 
exposure to H2S during the evacuation and alert 
notification process. 
The actual evacuation and sheltering was executed in a 
reasonable manner and was generally successful. 
American Red Cross personnel noted along with police and 
fire, that the persons that reported to the shelter had 
expectations for better provisions for the evacuees, 
such as blankets, ear protection, funds for temporary 
housing costs, and other support would be provided on-
scene. Such arrangements had not been made. It should 
be noted that nationally, and in Hawaii such prearranged 
evacuation supplies are not stock piled at predetermined 
evacuation shelters due to the cost and the difficulty 
of knowing where an appropriate shelter location might 
be. 
It appears that there is a variety of opinion on what 
should be provided to the citizens in the event of an 
evacuation caused by a uncontrolled geothermal venting 
release. 
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In addition, confusion on the part of many citizens as 
to what they are entitled to regarding reimbursement for 
cost associated with geothermal evacuation also led to 
high expectations. 
PGV is not required to reimburse Hawaii County for 
emergency response costs in the event of an uncontrolled 
well venting. During the emergency, PGV was approached 
by a limited number of citizens at the command post for 
assistance in temporary housing costs because citizens 
needed money in order to rent hotels, etc. PGV did 
provide certain individuals with money so they could 
relocate during the emergency. This may have caused 
confusion because PGV provided funds for temporary 
housing costs despite the fact that they were not 
required to under the permit. 
F. Emergency Air Quality Monitoring 
Interviews and reviews of emergency monitoring data 
indicates that government emergency response monitoring 
capability is currently insufficient. In addition, 
health, police, and fire personnel indicated some 
uncertainty in understanding of H2s hazards and methods 
for monitoring and detection. 
DOH monitoring with Draeger Colormetric Tubes and 
utilizing a portable Colortec monitor were not 
completely sufficient for emergency response needs. 
Because of the stationary nature of the ambient air 
quality monitoring stations, these instruments can be 
considered supplemental to portable emergency response 
monitoring instruments. 
A separate element of the review of this incident will 
evaluate the adequacy of the air and noise monitoring 
program. 
There was a substantial delay between the original 
notification of the release at 23:25 and the first 
report of monitoring results at 01:00. Along with 
immediate health and safety issues monitoring should 
have been initiated and results reported in a timely 
fashion since H2s monitoring is also an immediate health 
and safety issue when an upset condition occurs. 
PGV monitoring was provided using a Jerome 63lx 
monitoring unit which provides real time digital read 
out of H2s concentrations. Real Time digital readout 
monitoring is more appropriate for emergency response 
needs and can be supplemented by an alarm type monitor 
that can be triggered if concentrations exceed a 
predetermined level. More appropriate monitoring 
instrumentation should be provided to health and fire 
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personnel. Special consideration should be made for 
community wide DOH monitoring needs versus site entry, 
rescue, and safety monitoring needs of HFD. 
G. Adequacy of Department of Health Alert, Warning and 
Emergency Action Level 
It appears that there is still some concern as to the 
adequacy of the currently established Alert, Warning and 
Emergency Action Levels for H2s as established under the 
PGV permit and included in the PGV emergency response 
plan. 
Agency personnel as well as, many citizens certainly 
experienced a substantial nuisance from low 
concentrations of H2s. Based on health effects 
reported, including headache, nausea, dizziness, 
respiratory irritation, and others, a re-evaluation of 
the emergency levels is indicated. It is important to 
note that well noise, stress caused by the incident, 
along with other pollutants in the venting steam may 
have contributed to the effect sensitive persons may 
have experienced from H2s exposure. 
It was reported that one police officer out of the four 
involved in the evacuation became ill from exposure to 
H2s and therefore had to be pulled back from 
implementing the Lani Puna Gardens evacuation. 
Sensitive individuals have to be considered in the 
implementation of evacuation and the establishment of 
action levels. 
H. Community Relations and Emergency Preparedness 
Community relations is important in regards to the 
execution of an emergency response. Citizen cooperation 
and understanding is essential if a proper and efficient 
emergency response is to be implemented. Many citizens 
as well as agency personnel were confused the night of 
the emergency. This confusion would be minimized 
through a better understanding of the policies and 
procedures relating to the emergency response plan. 
Increased communication between PGV citizens and state 
and county agencies and non-profit agencies is required 
in order to improve the response. It should be noted 
that the Hawaii Planning Department did make the PGV 
Emergency Plan available for public review. 
III. CONCLUSIONS 
This limited evaluation identified a number of areas for 
response improvement. Other issues require further studies 
or a long term evaluation. 
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A fundamental element of a complete evaluation is a careful 
analysis of the actual concentrations of H2S reported 
through out the PGV area and the surrounding community 
during the upset conditions compared to the modelled 
concentrations that were predicted in the emergency response 
plan. Generally, based on a preliminary evaluation of the 
data the concentrations of H2s throughout the community were 
within the ranges of modelled or predicted values estimated 
in the hazard evaluation portion of the PGV Emergency 
Response plan. One exception stands out and that is the 
reported 22 and 29 ppm concentrations at the fence perimeter 
of the PGV facility. 
Those high numbers supported the determination to follow 
through on the evacuation of Lani Puna Gardens, although the 
evacuation was initiated before monitoring results were 
received by HCD. It can not be assumed that the monitoring 
capability generally available in an emergency response will 
capture the highest concentrations of contaminants that 
actually occur during an emergency. This must be considered 
for planning, and response purposes. 
Further investigation of monitoring data is required, and 
has already been initiated as a special study review of 
actual recorded data during the event, along with 
micrometeorological and aerometric analysis of the area 
surrounding the PGV facility. 
This re-evaluation of the hazard may require a revision to 
the estimated hazard posed by a free flow venting of the 
well. A hazard analysis determines how an emergency 
response plan should be written and what resources should be 
prestaged for response and mitigation. Based on a revised 
hazard analysis, using all available information, the plan 
should be reviewed and revised appropriately. A review and 
if necessary revision of the plan along with exercising 
should be an annual activity in order to keep the plan 
operational and effective. 
Emergency response monitoring capabilities need to be 
substantially upgraded. DOH and HFD personnel should be 
equipped to provide real time monitoring for their emergency 
response purposes. Redundancy in capability is required. 
PGV should establish procedures to begin monitoring and 
report results in a more timely fashion. The procedures 
should be addressed in the PGV plan. A separate study 
currently under way evaluating monitoring capability should 
expand on this issue and provide details on adequate 
monitoring capability. 
PGV should evaluate its response capability for uncontrolled 
venting and should include capability to prevent and control 
any upset condition. PGV exceeded the RQ for H2s under 
section 304 of the Emergency Planning and Community Right-
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to-Know Act of 1986, and should complete additional 
notification as required. PGV notification procedures 
should be reviewed and revised to ensure complete and timely 
direct notification to all appropriate agencies. 
If possible, public notification of an evacuation by radio 
should complement the timing for evacuations. This could 
serve to reduce confusion for evacuees, although awakening 
in the middle of a deep sleep to receive an evacuation or 
alert notice can be a cause of confusion in itself. 
A complete review of the Alert Warning and Emergency Action 
Levels should be conducted by the DOH. Special 
consideration of low level nuisance effects on sensitive 
individuals is required. Upon completion of DOH's review of 
response levels, county and citizen representatives should 
be informed of DOH's findings and training provided to 
review how the levels should be used. 
The actual implementation of the PGV Emergency Response Plan 
went reasonably well. Concern from fire and police 
personnel over health risks and confusion on the part of 
citizens over how to proceed during the on and off again 
alert notification in the Leilani Estates Subdivision were a 
cause for some difficulty during the response. Nonetheless, 
the evacuation and alert were successful. Based on the 
experience of the 12 June 1991 upset incident, the PGV 
Emergency Response Plan should be reviewed and revised 
appropriately. Such a review should henceforth be conducted 
annually, along with exercising the plan. 
Confusion over the applicability of temporary housing cost 
reimbursement in relation to the 3,500 feet perimeter and 
the function of the PGV Employee Alarm System also served to 
exacerbate the stressful nature of the emergency response to 
the blow out. The purpose of these provisions in the permit 
should be revisited by the County Planning Department's 
committee that originally reviewed these issues. The Pahoa 
Community needs to understand how these issues are resolved 
so there is no confusion in the event of another upset. 
The expectation of free hotel housing for some of the 
citizens may have played a role in the way the American Red 
Cross Shelter was received. Some individuals were expecting 
more than the standard, basic support than was provided at 
the Puna Neighborhood Center, and is provided nationally. 
The following recommendations should provide a framework to 
improve the PGV Emergency Response Plan, reduce 
difficulties, and create a means for the public and private 
agencies, citizens and PGV to be better prepared for a well 
upset. 
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IV. SUMMARY OF RECOMMENDATIONS 
A. DOH Should Complete a Revised Analysis of the Hazard of 
an Uncontrolled Venting of the PGV Well. 
All emergency response H2s monitoring data should be 
compiled and reviewed, and compared to initial modeling 
data. An analysis of the predicted H2s hazard based 
upon the results of the actual field monitoring data 
should be used to complete a revised hazard analysis. 
The revised hazard analysis should be included in the 
PGV Emergency Response Plan. The analysis should 
address horizontal venting. This recommendation has 
already been initiated simultaneous to this emergency 
response review. 
B. DOH Should Complete a Health Review of the Warning, 
Alert and Emergency Action Levels for H2~. 
The Warning, Alert and Emergency Levels for H2s should 
be re-evaluated for their adequacy, particularly as they 
relate to nuisance levels and sensitive individuals. 
Other stressors such as noise, stress from the emergency 
and other pollutants in the well steam should be 
included in the review. A review and training on these 
and other pertinent levels should be provided to 
appropriate agencies. The review should also address 
the need for HFD rescue backup for PGV workers at the 
well site, and decontamination issues in the event of an 
HFD site entry. 
c. DOH Should Complete a Review of H2s Monitoring 
Capability and Procedures for Upset Conditions. 
Emergency H2s monitoring capability and procedures for 
county, state, and PGV should be reviewed, upgraded and 
revised as appropriate. This recommendation has already 
been initiated simultaneous to this emergency response 
review. Timeliness of PGV monitoring at the site should 
be addressed. Specific monitoring needs of DOH and HFD 
should be considered 
D. The Hawaii State Emergency Response Commission and the 
Hawaii county Local Emergency Response Commission Should 
Review. Revise and Exercise the PGV Emergency Response 
Plan. 
The PGV Emergency Response Plan, should be revised based 
upon 1-3 above. The plan should be updated by PGV and 
submitted to the Hawaii State Emergency Response 
Commission and the Hawaii Local Emergency Planning 
Committee on an annual basis. The plan should be 
exercised annually. 
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E. The Hawaii County Department of Planning Should Resolve 
Confusion Over Housing Reimbursement and the Function of 
the PGV Employee Alarm System. 
The Hawaii County Department of Planning through its 
original committee that included community 
representation should revisit temporary housing cost 
reimbursement issues, the use of the PGV employee alarm 
system and applicability of the 3,500 perimeter as they 
pertain to the PGV permit. An effective education and 
information effort should be conducted to ensure the 
Pahoa community is aware of the final out come of this 
review. 
F. PGV Should Review Notification Procedures and Provide 
Appropriate Verbal and Written Notification to Ensure 
compliance with the Emergency Planning and Community 
Right-to-Know Act of 1986. 
Amounts of H2s released from the PGV well most likely 
exceeded the reportable quantity of 100 pounds which 
requires mandatory reporting. To ensure compliance, PGV 
should provide verbal and written notification to the 
appropriate agencies for this and any future upset 
conditions. 
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TIME/DATE 
APPENDIX I 
Sequence of Events of 12 June 1991 
Uncontrolled Geothermal Venting 
ACTION/EVENT 
Wednesday. 12 June 1991 
23:06 
23:15 
23:17 
23:25 
23:30 
23:34 
23:35 
23:36 
23:40 
23:45 
23:55 
Well Blow out occurred. 
Public notified Hawaii Fire Department (HFD) of 
possible Geothermal venting. 
HFD notified Hawaii Civil Defense (HCD). 
PGV notified HCD; HCD called out CD4. 
HPD arrived on scene. 
Puna Geothermal Venture Requested HFD for 
ambulance for two minor injuries at PGV. 
Meanwhile Hawaii Fire Department (HFD) arrives on 
scene. 
HCD activated Emergency Operating Center (EOC). 
Opened operations in Hilo office. 
HCD CD dispatched staff to predesignated command 
post. 
HPD-Puna reported major blowout with steam cloud 
60 feet high. 
PGV reported 60 feet steam cloud from well, 
southeast winds headed toward Pohiki. 
HCD requested Department of Health (DOH) 
monitoring support. DOH reports estimated time of 
arrival at command post of 01:30. HCD also 
requested another DOH personnel to report to the 
EOC. 
Thursday. 13 June 1991 
00:10 
00:30 
Police commenced evacuation of Lani Puna Gardens 
based on PGV recommendation. 
HCD arrives on scene brief by PGV, no H2s, 
monitoring data reported from PGV. 
00:50 
01:00 
01:10 
01:13 
01:25 
01:30 
01:37 
02:15 
05:00 
05:15 
09:15 
HCD requested American Red Cross (ARC) to open 
Pahoa Neighbor Center (PNC) for temporary 
sheltering. 
PGV reports first monitoring data from just 
outside fence line perimeter at well site. First 
reading 20ppm H2s, second reading 29ppm. PGV 
requests HCD to notify DOH to meet notification 
requirements. 
DOH monitoring staff contacts Deputy Director for 
Environmental Health who recommends proposed 
action levels by used as guidance to protect 
public health. Residents should be relocated if 
H2S levels exceed lOppm one hour average. 
House to house "Alert Status" notification of the 
Leilani Estate Subdivision was initiated by HFD as 
requested by HCD. 
DOH monitoring from Lanipuna Street reports less 
than .5ppm H2s. 
ARC reported 
registered. 
EOC. 
shelter open at PNC; Fifty citizens 
All agencies represented at the HCD 
Road blocks securing the PGV well established by 
HPD at three points on request by CD. 
HCD requests HFD to stop house to house alert in 
Leilani Estates Subdivision. 
HCD notified all radio stations there was a 
voluntary evacuation notification and that persons 
should report to the PNC. 
HCD determined the release would be prolonged and 
that the house to house alert should be continued. 
HFD completed the house to house alert of Leilani 
Estates Subdivision is completed. 
Friday, 14 June 1991 
06:30 PGV reports well is shut in. 
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INTRODYC'l'IQN 
A 31-hour blowout at Puna Geothermal Venture's (PGV) KS•8 well 
near Pahoa occurred on June 12 and 13. The blowout resulted in the 
evacuation of some nearby families and in numerous complaints of 
acute health symptoms from the released qases and the noise. 
The blowout also raised a question as to whether or not ths 
geothermal resource in the Kilauea East Rift Zone can be developed 
safely and without impacting the health of the nearby residents. 
on June 16, immediately after the well was temporarily 
secured, the Directors of aealth (DOH) I Land and Natural Resources 
(DLNR)I Business, Economic Development & Tourism (DBED); and the 
Governor's Representative met with their staffs to respond to the 
incident, identify what happened and recommend any changes to 
construction and regulatory overeiqht that might be warranted 
before development could be allowed to proceed. Thill qroup 
outlined a strategy tor state and county officials which has since 
been followed. 
INYESTIGA'l'IONS 
With joint State-County participation 
inveetiqations of the blowout were undertaken: 
three concurrent 
A review of I<S-8 
well drillinq equipment and procedures (Element I) conducted by 4 
mainland government and private drilling, qeologic and regulatory 
experts; A review of the emergency response procedures (Element II) 
conducted by the oepaxotllent of Health and Hawaii County Civil 
Defense; and 11 review of air and noise mitiqation, rnonitorin11 and 
enforcement (Element III) conducted by 2 mainland qovernment and 
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private engineering and reg-ulatory experts. The final reports troa 
the three qroups were made available to the state and county on 
July 24, 1991. They were made available to the developer and the 
public on the following day. 
A conclusion of the investiqatione was that the blowout did 
not occur: as a result of "unusual or unmanageable sUbsurface 
geologic or hydrologic conditions." All three or the inveatiqative 
reports recommended specific developer and government actions to 
11inblize the potential for future adverse impacts on health and 
safety of personnel involved in the project and residents of nearby 
coll\ll\uni ties. 
ACTION TASK FQBCE 
At the direction of the Governor and Mayor, a geothermal Task 
Force consisting of the Directors of DBED, DOH and DLNR; and the 
county's Managing Director, Planning Director and Civil Defense 
Administrator, assisted by their staffs, was established to develop 
a Geothermal Action Plan for implementinq tne recommendations of 
the investigative reports. Attachment A contains a complete 
listinq of the Task Force and suboouittea members. The joint 
state-county Task Force baa met at least weekly einoe mid-August. 
The Task Force developed tbe following ovorall Goal and 
Objectives, which have been diligently pursued in formulating the 
Aotion Plan described herein; 
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OVERALL GQ!L 
To assure that geothermal development by Puna Geothermal 
Venture can prooeed safely and without adverse effect upon the 
public health of the community. 
1) Deterndne what change• in Puna Geothermal venture' • 
drilling procedures, equip~nent, eupervision, and 
regulatory oversight are necessary before drilling may 
proceed safely. 
2) Determine what changes are neceeeary to improve Puna 
Geothermal Venture's emergency response plan as a result 
of the experience at well XS-8. 
3) Determina what changes in our air quality and noise 
monitoring programs are neceseary to assure public health 
is protected as a result of the experience at well 
KS-s. 
on September 5, 1991 the.Task Force received Puna Geothermal 
venture 1 s report on their own investigation of the blowout as well 
as PGV's response to the recommendations contained in the 
investigative reports. The Task Force believes that most of the 
actions recom~ended herein are acceptable to PGV which has already 
initiated its actions to assure compliance. 
SUHMARY QESCRIPTION OF ACTION PLAN 
Attachment B is the Task Force 'a recollll\ended Geother~al Action 
Plan. It is orgemized in a manner corresponding to investigative 
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Element~ I, II and III. The plan addresses each of the 
investigative report recommendations, referencing the page(s) in 
the Element report on which each recommendation was discussed. The 
matrix indicates for each action item a due date based on practical 
•~timates by the agencies affected, as well as the lead and, if 
indicated, support aqency(s) involved, The Task Force believes 
that the due dates can be improved significantly through 
cooperative efforts between the developer and the regulatory 
agencies involved, It should also be noted that while an action 
item is logically to he completed by PGV, the Task Force believes 
the ultimate responsibility to carry out the plan should remain a 
regulatory function of the government, the agencies of which are 
identified in the plan. Additionally, the plan provides 
preliminary estimates of government resources required to carry out 
its responsibilities. Finally, the matrix includes PGV'a remarks 
and an indication of the status of each task. The plan does not 
specify which tasks must be completed before PGV is allowed to 
resume development and further discussions will be held with the 
developer to determine those tasks. 
Net addressed by the Task Force are several issues which were 
identified by state aqencies such as relocation, royalty waivers 
and tne Asset Fund. The Task Foree believes that these issues do 
not have to be fully resolved prior to the resumption of 
construction. However, the Task Force believes that these issues 
must be resolved eventually. 
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SUMMARY OF ISSUBS 
The Task Force believes that all Blement I tasks relating to 
drilling equipment and procedures must be completed prior to 
resumption ot activity. Based on PGV 1 s submittal of September s, 
1991, 11any of these aetion111 have been completed, They must, 
however, be verified by DLNR and the County. PGV must also receive 
DLNR approval to change oertain wells already drilled from 
injection to production wells, and vice versa, before further 
drilling can resume. PGV cannot drill any new wells without DLNR 
approval of modifications to drilling permits and plans of 
operations previously approved, FinllllY, DOH and DLNR need to 
execute a Memorandum of Understanding relating to regulatory 
oversight of injection wells. 
Element II addressee emerqency response actions and plans that 
must be made before activity can resume. Many of the concerns 
which have been raised resulted from the confusion which arose 
during and following the blowout. Many of the actions required 
have been completed with one notable exception, the comprehensive 
review and modification, as appropriate, of PGV's Emergency 
Response Plan (ERP). The BRP, approved in 1991, is formulated 
around a worst-case scenario of anticipated emissions from the 
project. The plan further cites the levels of emissions that would 
trigger •warning", "alert• and "emergency" action&, 'l'be Taak Force 
believes that the worst-case scenario and triggering levels of 
emissions need to be thorouc;rhly reviewed (as confirmed by the 
analysis in Element lll). The ERP must be appropriately revised 
by the developer 1 and approved by the County. The review and 
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approval of comprehensive ERP i• considered to be the •critical 
path" itfml that must be completed before POV is allowed to resume 
drilling or proceed with any other activity where there is any risk 
of a:11ission. 
Element III consists of a a.-eview of air quality and noise 
abatement and monitor!~ recommendations. The Task Force believes 
that a number of Element lli actions will require considerable time 
and resources to implement, particularly those that require lonq 
lead ti~es for equipment purchase, obtaininq funding and personnel. 
Health and safety of residents can be adequately safeguarded if the 
intent of these recommendations are fulfilled throu1h several 
CIQtiomt. 6pe~;1UgQllY • the llevelopcr oould be on owed to resUIIR 
en an interi~ basis if the following actions are taken: 
Procurement by PGV of an additional portable Jerome 
equivalent qas monitor for use by regulatory agenoies 
Modifications (that will require parts that may be long 
lead time) to the fixed qas monitoring stations 
Tiqhteninq of quality assurance practices 
Increased requlatory presence on aite 
The installation of additional abatement equipment by the 
developer 
Lonqer term tasks relating to air and noiae ~onitorinq 
include: 
Relocation of some of the qas monitoring stations 
Installation of meteoro109ical equipment at certain 
monitoring stations 
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Development of a database of qeother~~al fluids from each 
well 
The establiehment of a unified air monitoring program 
panel consistinq of the developer, regulators, 
environmental groups and residents, to advise on air and 
noise monitoring 
The Task Force believes that these longer term actions are 
hi9hly dedrable and should be pursued, but are not critical for 
the resumption of development activity at the PGV eite. 
Almost all of the outstanding tasks will require the resources 
of the Department of Health, which has noted that unanticipated 
financial and personnel demands in responding to this incident have 
already drained their budqet. Therefore, to qet !.mediate relief 
and supplemental fundinq to comply with the action items, the Task 
Force urges that the Governor and Mayor direct their budget and 
financial staff to place the highest priority in assietinq all 
Departments to obtain resources necessary to comply with the action 
plan. 
STATUS OF SUSPENSION AND DECLARATION OF EMERGENCY 
PGV voluntarily suspended drillin~ activity at their eite as 
soon as the blowout occurred. The County Planning Director and the 
state Director of Health formally suspended drilling activity 
shortly thereafter. The suspensions, broadened by the County 
Planning Director to include non-drilling development work on the 
surface geothermal fluid gathering systems and the power plant, is 
still in effect. The suspension of all development activity was 
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taken to ensure that ths government's requlatory mandate to protect 
worker and public health and safety rel!lllined uncompromiaed. The 
only way to achieve this objective wae to assure that any 
cU.screpanciea or shortcomings in the developer and government 
equipment and procedure& were corrected prior to reeuminq work. 
on July 30, 1991 the Mayor proclaimed a state of Emergency at 
PGV's well site because there were subsurface symptoms, confirmed 
by the state and County investigators, that the KS-8 well was net 
fully under control. This proclllmation allowed the cognizant 
agencies to expeditiously approve the drilling of a nearby water 
well by the developex- fox- the purpose of quenching and finally 
killinq the KS-8 well. Quenohinq was completed in early September, 
but the Mayor's proclamation remains in effect as of this date 
until there is certainty that the KS-8 downhole corrective measures 
taken are completely effective. 
The Task Force believes that PGV can be allowed to resume non-
drilling site development work (i.e. plant construction, ste~tm 
collection system work, etc.) as soon as the well XS-8 is declared 
successfully secured, This determination must be made by Hawaii 
county civil Defense with the counsel received from DLNR, DOH and 
the County Planninq Department. 
The Task Force believes that PGV can be allowed to resume 
drilling activity only after the following critical taskS are 
completed: 
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DRAFT 
All reoommendatione related to drilling activity covered 
by the Element I report have been tulf1lled. 
Adequate monitoring capability is in place. 
The Emerqancy Response Plan haa been updated, reviaed and 
accepted. 
JOHN WAIHEE 
GOV£1\NOA OF tt!IWAU 
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MEMORANDUM 
TO: 
FROM: 
The Honorable John Waihee, 
Governor, State of Hawaii 
William W. Paty 
SUBJECT: Authority to Enter into Letters of Agreement for Element I of the proposed 
Geothermal Action Plan, an Independent, Technical Investigation of the Puna 
Geothermal Venture Unplanned Steam Release, June 12 and 13, 1991 
Element I is the first of three elements of the proposed Geothermal Action Plan. 
Element I is described in detail in an accompanying memorandum. 
This request is to provide for an independent, third-party, technical investigation to 
establish the cause or causes of the unplanned steam venting which occurred at Puna 
Geothermal Venture's plant site on June 12 and 13, 1991. 
The investigation team will consist of the following four individuals: (1) Richard 
Thomas, Supervisor, Geothermal Unit, California Division of Oil and Gas; (2) Dick 
Whiting, Resource Engineer, Nevada Department of Minerals; (3) James Moore, Senior 
Vice President, Natural Resources, California Energy Company; and (4) Duey Milner, 
drilling consultant and former Drilling Supervisor, Nabors Loffland Drilling Company. 
Separate letters of agreement will be entered into with these four individuals. 
The estimated contract term will be fourteen days. Travel to Hawaii is scheduled on 
Sunday, June 23, 1991. Services are to commence on Monday, June 24, 1991. Estimated 
billing rates for the two private-sector consultants is $500 per day. The services of the 
two public-sector regulators are expected to be provided by their respective agencies as a 
courtesy to the State of Hawaii. Round-trip airfare is estimated to average $1,000 per 
person. Per diem expenses of between $125 and $150 per person are being offered. An 
Honorable John Waihee 
Page 2 JUN 2 4 1991 
overall budget of $30,000 is proposed. Interisland travel, ground transportation, office 
space, and clerical support will be provided by the State at no cost to the investigators. 
The scope-of-work set forth in the letters of agreement will call for the consultant 
to serve as a member of an investigative team which will: (1) establish the cause(s) of the 
incident; (2) evaluate the adequacy of PGV's drilling and blowout prevention equipment 
and procedures; and (3) make recommendations for any appropriate changes in equipment 
and/or procedures. 
The letters of agreement will require that a written investigation report in draft 
form be submitted to the State on or before Wednesday, July 3, 1991. The report will 
consist of: (1) comments on reports obtained from PGV, its affiliates, and its contractors; 
(2) a presentation of conclusions drawn from direct site inspections and interviews with 
involved personnel; (3) findings as to the cause(s) of the incident and recommendations · 
regarding measures needed to prevent a reoccurrence; and (4) an opinion on whether or 
not the well (KS-8) can be operated safely in the future. 
The written report will be made public after the State determines that it is 
complete. The report will be used by DOH, DLNR, and the County as a basis for making 
decisions on any appropriate enforcement actions and on the continuation or lifting of the 
drilling suspension presently in effect. 
Authority is hereby requested to enter into these agreements. 
APPROV AL!DISAPPROVAL 
JOHN WAIHEE 
Governor of Hawaii 
Dated: _______ _ 
JOHN WAIHEE 
GOVEF\NOR OF !·U.WAII 
STATE OF HAWAII 
DEPARTMENT OF LAND AND NATURAL RESOURCES 
P. 0. BOX 621 
HONOLULU. HAWAII 96609 
REF:WRM:DK 
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SUBJECT: Authority to Enter into a Contract for a Technical Review of the Puna 
Geothermal Venture Unplanned Steam Release of June 12 and 13, 1991. 
This request is made on behalf of the directors of the Department of Business, 
Economic Development & Tourism, the Department of Health, and the Department of Land 
and Natural Resources. 
The unplanned steam release, which began without warning at approximately 11 
P.M. on the night of June 12, 1991, alarmed the nearest residents to the PGV plant. 
Residents of the Lanipuna Gardens subdivision were required by Civil Defense to evacuate 
their homes. Other residents from the Leilani Estates subdivision and nearby areas 
evacuated their homes voluntarily. Steam continued to vent for a period of 31 hours, 
emitting nuisance levels of hydrogen sulfide gas and noise and raising concerns about 
more serious adverse health effects. 
The recommendation was earlier made to you, by memorandum from me dated 
June 16, 1991, that DLNR, DOH, and the County of Hawaii jointly administer an 
independent third-party review of the unplanned steam release. The basic scope-of-work 
of the proposed contract(s) will call for technical experts to: (1) determine the cause of 
the incident; (2) evaluate the adequacy of PGV's blowout prevention equipment and 
procedures; and (3) make recommendations for any appropriate changes in equipment, 
procedures, and/or government regulations. DLNR will serve as the lead agency, since it 
issues drilling permits and has enforcement powers in tlus area. In order to expedite its 
completion, the review will be handled administratively. We hope that it can be 
accomplished witllin approximately two weeks. 
• t 
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A special interdepartmental selection and review committee led by Mr. Susumu Ono 
is in the process of assembling a "team" of experts. Subject to the availability of qualified 
individuals on short notice, the plan is to engage on a short-term basis the teclmical 
services of four specialists including: (1) two public sector geothermal drilling regulators; 
(2) a drilling engineer or reservoir engineer; and (3) a drilling technician ("tool pusher") 
with considerable hands-on experience. 
The selection and review committee is in the process of contacting the California 
Division of Oil and Gas, the Nevada Department of Minerals, and the Geothermal Resource 
Council in an effort to assemble a suitable team. 
The independent third-party review will consist of the following elements: (1) an 
evaluation of PGV's written report on the incident; (2) and investigative report based on a 
site inspection, reviews of logs and records, and interviews; and (3) a written report 
finding the cause(s) of the incident and recommending measures needed to prevent a 
reoccurrence. The written report will be made public along with a joint agency report 
describing (any) regulatory, monitoring, enforcement, and/or punitive actions to be taken 
based on the findings of the independent experts. 
The estimated cost of the required consulting services is $30,000, including 
consulting fees, airfare, and travel expenses. Contracts will be entered into with up to 
four individuals. If employees of state governments are selected, it may be necessary to 
enter into agreements with agencies such as the California Division of Oil and Gas or the 
Nevada Department of Minerals in order to obtain the services of their personnel. The 
duration of contracts entered into will not exceed one month. DOH, DLNR, and/or 
DBEDT funds will be used. 
We hereby request your authorization to enter into these contracts. 
APPROVED/DISAPPROVED: 
JOHN WAIHEE 
Governor of Hawaii 
Date 
I' 
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1 .0 Executive Summary 
Review by the Element III, third party team began on July 1, 1991 and consisted 
of Mr. Robert L. Reynolds and Dr. Wilson Goddard, assisted by LCAQMD1 staff 
members Mr. Ross Kauper and Mr. John Thompson. 
The scope of the project included: 1) a review of the air and noise monitoring 
program as implemented at the Puna Geothermal Venture project during the 
"KS-8 uncontrolled vent of June 12-14, 1991", with a special emphasis on making 
recommendations for extent, equipment, location, quality of data assurance and 
management changes; 2) a precursory appraisal of issued A TC2 and GRP3, 
complaint response and regulatory practices to assess compliance and 
effectiveness of control technologies given the new information; 3) suggestions on 
how to better anticipate, mitigate and manage possible future similar events from 
an air quality and noise perspective with the public input and technology 
considerations; and 4) to develop an accident scenario and emission profile 
independently for use in Part II of this report in which a micro meterological 
assessment, and determination of correlation with health and measured 
aerometric values is presented. 
Emissions of noise and air pollutants caused widespread complaints and concerns. 
Some residents in the local area were evacuated as a safety precaution, advisories 
were issued and ambient measurements of noise and H2S indicated levels 
markedly above those anticipated in the issued permits as limits or believed to be 
acceptable. The emergency response plan interacted with the DQH4 role in 
monitoring and making recommmendations for actions taken to manage the 
event. 
There are seven air monitoring stations presently operated by three semi-
independent parties. The three independent efforts of PGVS, DOH•CABS and 
DOH•ASAB7 need to be combined into a single monitoring program directed by 
a committee of agency, industry and active environmentalists (see section 4). 
1 LCAQMD - Lake County Air Quality Management District, a California special District that 
enforces federal, state and local air and noise regulation with extensive 
geothennal.experience. 
2 A TC - Authority to Construct permit issued by the DOH pursuant to federal and state law 
for the protection of air quality. 
3QRP - Geothennal Resource permit issued by the County of Hawaii for the protection of 
the public, and specifically in this case regulation of noise. 
4ooH - Hawaii Department of Health 
Sroy- Puna Geothennal Venture, the owner or permit holder. Used Interchangeably with 
Ormat Energy Systems International in this report 
6DOH•CAB - The Oean Air Branch of the Hawaii Department of Health 
7DOH•ASAB -The Air Surveillance and Analysis Branch of the Hawaii Department of 
Health 
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Two background stations and other stations have provided data establishing a near 
zero background. The number of stations, seven is in excess to what should be 
necessary for compliance monitoring. The program should direct a greater 
amount of resources to other areas of the air program; most specifically, source 
testing and characterization of emissions, abatement technology application and 
compliance testing, and ambient monitoring for components other than hydrogen 
sulfide (H2SB). 
Several stations need to correct noted equipment, quality assurance and audit 
deficiencies, primarily DOH•CAB stations. 
Though recommended changes in air monitoring stations are made, it is clear 
considerable data was provided by the air monitoring in place to establish exceeds 
of the 100 ppbv limit. Air monitoring stations with a couple of noted exceptions 
produced reasonably reliable and meaningful data. PGV's monitoring effort 
follows their issued ATC. The field monitoring effort by DOH and PGV was 
extensive and provided reasonable and believable data. 
There was little or no mitigation proposed or sought during the uncontrolled 
venting to control air or noise emissions. This process lead to venting in a 
manner that increased impacts on local residential areas. Recommendations are 
made to have in place a wet cyclone or similar device for noise, H2S and 
particulate abatement. 
There was no attempt to specifically estimate or measure net emissions of H2S 
and other components. This made management of the event cumbersome and the 
impact of unknown emissions difficult to estimate at the time of the accident or 
with hindsight. No drift or,particulate samples were collected, though both are 
believed to have been emitted to the air in substantial amounts and a sample 
submitted by a public member raises concern. Insufficient information exists to 
accurately estimate emissions. It is recommended that testing become a normal 
part of management during venting, that DOH gain the ability to perform simpler 
teseting for H2S and that Condition 20 of the A TC be implemented promptly to 
measure trace toxic components. That such information to be gained by testing 
be used to trip toxic ambient monitoring requirements, review of potential plant 
reliability or corrosion problems, as well a review for potential abatement and 
improved management for any components of concern. 
The A TC permits are extensive and criticized as regards: specific ambient air 
monitoring standard requirements which are too lax and not tied to an emissions 
8 H2S - hydogen sulfide gas the odorous and poisonous gas commonly referred to throughout this 
report. 
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rate, operate on a sliding breakdown or upset that is determined by PG 
activities; allow natural (background) emissions effects that deviate si 
from EPA and typical air agency procedures to accommodate monitori 
influenced by natural uncontrolled events; characterizing emissions tim d 
are lax in requiring and substantiating BAcr choices and claimed effici 
The GRP required noise limits were exceeded by more than 25 dBA on ~ semi 
continuous basis during the event. The GRP required monitoring was reviewed 
for utility at determining compliance with limitations, and recommendations are 
made to clarify the permit and noise data measurement and reporting presently 
utilized. 
Additional equipment for the purposes of emissions testing, inventory and 
ambient monitoring is recommended. 
2.0 Recommendations 
2.1 Air Monitorin~ Network 
I. If background is consistently near zero, as indicated by this review, the use 
of background monitoring sites should be discontinued, and the cost savings for 
background monitoring should be redirected to source control, evaluation and 
high quality portable field monitors. The number of stations (7) exceeds that 
necessary for compliance determination. 
2. Unify the air monitoring efforts into a single comprehensive program 
managed and audited by the state, but which receives and follows input and policy 
from a committee consisting of active environmentalists, industry and agency 
people. The existing DOH and contractor staff could share responsibility for the 
operation. The following attributes should be added: 
• The monitoring program expanded to verify the concentrations of other 
potentially toxic pollutants indicated by reservoir and process chemistry. 
Examples include lead, chrome, mercury, boron, nickel, and arsenic. 
• Each permanent H2S air monitoring station should have a meteorological 
measurement system and remote access (modem) capability incorporated. They 
should be password protected but access automated for those needing and using 
the information. 
• A uniform functional, as short as possible, sampling intake, manifold, and 
monitor intake line should be used and cleaned regularly. 
• Add a multi-sensor 30 to 40 meter meteorological tower to provide 
information relative to atmospheric stability, multi-level temperature gradients 
and wind fields, preferably at the Irvine site. 
• A quality assurance program be implemented at all stations with independent 
DOH staff performing quarterly audits. The existing SAIC quality assurance 
program, or the GAMP program should be used as a basis to develop a single 
-page 5-
PGV Report Element III, Pan I 
quality assurance program, but also correcting the noted deficiencies in reporting 
and audit approaches (see discussion sections). 
• Two additional field portable H2S monitors (Jerome equivalent) be made 
available by the developer and properly maintained for use by DOH and/or other 
responding agency. One should be portable and configured for sample initiation 
by the public with automatic data recording. Local firemen and other agencies 
likely to respond to a hazardous H2S event should have one or more safety 
systems for use with each responding crew which give numerical readout and 
audio alarm. 
• Recommended Actions at existing stations are summarized below and further 
discussed in section 6. 
R d . ecommen auons PPIICa e see ow ey, A 1' bl ( bel K ) 
Station I Recommend Key-' 1 2 3 4 5 6 7 8 9 10 
Alvarez Station (CAB) X X X X X X X X 
Wade Station (CAB} X X X X X X X X 
Leilani Station(ASAB) X X X X X X X 
Nanawale Station (ASAB) X X X X X X X 
Ormat (PGV) SW X X X X 
Ormat (PGV) SE X X X X X 
Woods Station (PGV) X X X X X 
Recommendations Key (not necessarily priority ordered): 
11 
X 
X 
X 
X 
X 
X 
X 
I . Manifold, intake probe and sample line replacement or modification to remove condensation 
needed immediately. 
2. Immediate and independent gas phase audit is needed (full probe preferred at all stations). 
3. Improvement in written station procedures, data handling and station equipment diagram 
needed soon. 
4. Manifold, intake probe and sample line regular cleaning. 
5. Establish a station log and perhaps monitor log that remains with the station and equipment. 
6. Offset chan zero by 10% and carefully document drift if accuracy in the 2-6 ppb range is to 
be claimed. Establish tolerances in the QA program that reflect the desired low 
concentration accuracy. 
7. Add password level remote access integration into the QA and data reduction of station 
data. Provide password level controlled immediate access to agencies desiring and needing 
information. 
8. Add meteorological measurement ability. 
9. Calibrate and audit station at a lower range of H2S than presently utilized. 
I 0. Add functional data loggers (CAB is presently preferred) 
11. Prepare monthly tables showing hourly averages and peak daily H2S values, and DOH 
should clearly identify station location, name and operator. 
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3. Specific to the short term utilization of the present monitoring station 
resources; reference Map A shows a preliminary proposed station redistribution 
and possible reduction in number for discussion. It is recommended to occur 
only with a shifting of those resources to the control technology assessment and 
source testing effort, and can rationally be delayed until after power plant startup 
and shakedown if such is to occur in the immediate future. Only one station at a 
time should be relocated. If in fact the public or others are in disagreement, 
tracer releases under varied meteorologic conditions should be performed to 
identify locations and weather patterns of maximum impact prior to moving 
stations. Field portable monitoring could be used to partially substitute, and 
more thought as to the actual and expected emissions scenarios of the project need 
to be developed to influence this decision. 
• Retain only (1) one background station at Nanawale (Flower Rd.). Drop the 
PGV Woods Station. 
• Relocate the PGV Southeast Station more to the southwest to avoid heavy 
agricultural influence and provide for increased community coverage. 
• Relocate the Alvarez Station approximately 2000 ft. north or drop. 
• Retain the Irvine Station for met data only and add multi-level measurement 
capability for wind and temperature. 
2.2 Geothennal Resources Pennit and Noise Monitorin~ 
1. Clarification of the GRP requirements reflected in this review should be 
performed. One government office should be designated to receive and 
investigate complaints of noise. They should be available to any person that 
would choose to complain to them instead of PGV. Anonymous complaints 
should be taken, and investigated if practical. 
2. At least one mobile/portable unmanned monitor with shelter and modem 
access, that can be used at complainant homes and is capable of determining 
compliance should be made available to Hawaii County or others. 
3. Spot checks should be performed more frequently by an agency staff to add 
credibility. More frequent site inspections of PGV's effort and periodic 
comparison of calibrators could also add to the credibility and acceptance of the 
noise monitoring program. 
4. The present noise standards should be evaluated for effectiveness by 
reviewing all complaints and their resolution. Typically, noise assessments for 
source and BACT determinations are specialized. The Planning Director should, 
if he believes it is necessary, seek expert opinion on BACT assessments from an 
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independent consultant paid for by PGV but contracted with and reporting to the 
County. 
5. The monitoring effort should be directed to resolve complaints and identify 
source problem solutions. 
6. There is too great an emphasis on monitoring sound and part of this effort 
is recommended to be directed at specific problem noise identification. 
7. Determinations of BACT should be sensitive to the worker safety aspects, 
and not allow early choices of equipment to dictate subsequent noise control steps 
that unreasonably create a choice between a safety and noise problem. 
2.3 Permit and Compliance Review Recommendations 
1. The 100 ppbv one hour average limitation (AAQS) be evaluated from the 
experience of this incident and review. Evaluations of remaining health 
complaints should be performed by DOH as promptly as practical. 
2. One government office be designated to receive and investigate noise and 
air quality complaints believed to result from the project. The present practice of 
recording tape messages, reading back and referring complaint directly to PGV 
should cease. 
3. Resource characterizations required under Condition 20 of the A TC be 
performed as soon as practical and evaluated on a timely basis to better 
understand and estimate emissions, and determine if project design problems may 
result from any unexpected resource characteristic. 
. 
4. DOH staff should, actively participate in source tests, and develop the 
ability to independently quantify H2S emissions during drilling, stacking and 
uncontrolled or controlled venting. Specifically, the following is also 
recommended for timely consideration. 
• Measurement characterization of drift and trace toxics contained in particulate 
and gas phase must be performed during emission release events until such time 
as they are well documented and established. 
• An emphasis should be placed on developing an accurate and comprehensive 
emissions inventory and geothermal resource chemical constituent database 
specific to the project and individual wells. 
• Emissions limits and/or technology development and application to all known 
emission points based upon Best Available Control Technology (BACT) should be 
further developed, and tested for performance under good dispersion conditions 
before needed (start with the stacking control system). 
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• The possible need and advisability of air drilling should be investigated and the 
restriction removed from the A TC permit if necessary to provide safety in 
drilling. 
• The need to factually determine whether a pressure surge (gas pressured) from 
the bottom of the hole in the reservoir, or water/mud hammer, caused the 
"explosions" is critical to potential risk, and DOH staff should seek an expert fmal 
opinion explained to their satisfaction. 
• The maximum accidental exposure to those in close residency should be re-
evaluated, and where concern exists, the individual resident be educated as to 
risks, made aware of any bad circumstances or risky operations as early as 
possible, and given whatever assurance possible about DOH resolve to protect 
their air quality. 
3.0 INIRODUCTION 
Element ill is the third element of the Geothermal Action Plan by the State of 
Hawaii to investigate the unplanned venting incident on June 12 and 13, 1991 at 
the geothermal plant site of Puna Geothermal Venture (PVG) in Kapoha, Puna 
District, Island of Hawaii, involving the KS-8, a geothermal well. The lead 
agencies for this review are the State of Hawaii Department of Health (DOH), the 
Hawaii County Planning Department and the Mayor's office. 
This Element ill study was conducted at the request of the above agencies by an 
independent investigative team consisting of Robert L. Reynolds, Lake County 
Air Quality Management District, and Dr. Wilson B. Goddard, Goddard and 
Goddard Engineering, both of California. Work was initiated on 7/1/91, with the 
primary emphasis being an independent evaluation of the existing air and noise 
monitoring programs, monitoring the incident, and to develop recommendations 
for the appropriate changes in the monitoring program equipment and 
procedures. Secondary tasks included an evaluation of permits. Part II authored 
by Dr. Goddard includes a microscale meteorological evaluation of the project 
area and accident meteorology and an assessment of health complaints compiled 
with public member assistance. The accident can serve as a learning experience 
from which an improvement of the overall regulatory program can result. The 
investigators were assisted by Ross Kauper and John Thompson of the LCAQMD, 
whom performed review of data for consistency and aided in evaluating 
recommendations for station relocation. 
3 .1 Approach 
The investigative approach was to collect and review the available documentation 
regarding monitoring station operation and the emissions event information. The 
team exchanged data and initial findings approximately every two days since July 
9, 1991. Mr. Reynolds traveled to Hawaii and conducted meetings and interviews 
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with DOH and County of Hawaii officials on July 1&2, 1991. Site inspection and 
meetings with public representatives in Hawaii were conducted on July 2, 3 & 4, 
1991. Videotaping and phone interviews were performed to obtain additional 
understanding of actual operations and insight regarding measured area impacts. 
Meetings and conversations with the state health agencies, interested public and 
developer representatives occurred to refme the scope of the investigation and 
obtain additional insight regarding related aspects of the event. 
The available information was gathered and analyzed for completeness and 
additional data requests and follow up were performed, not all are yet complete. 
Information analysis included evaluation of visual features, observations of site 
visits and video tape recordings of all equipment. Monitoring and quality 
assurance data was reviewed for completeness and internally checked for obvious 
errors or conflicts. 
The event sequence and provided mud logs were reviewed for possible 
information regarding timing and source strength from which assumptions 
regarding emissions estimates were derived for use in impact assessment. This 
was performed without input from Element I. 
Steam and or gas composition data was collected and reviewed to provide 
information regarding other possible monitoring concerns. 
Included in the data requests were adequate area, monitoring and complaint 
location maps, that were plotted by Dr. Goddard, for the correlation of observed 
measurements and reported effects (See Part m. Also included were requested 
and reviewed copies of the A TC permit. 
Information was largely reviewed as received, but substantial additional questions 
were asked of industry and vendors. When timely received, it has been 
incorporated into this report. Several questions remain. Individuals 
knowledgeable in geothermal development, services and regulation were relied 
upon and interviewed to obtain added insight in regard to specific questions to 
their area of expertise. Part I of this report is a compilation of the authors 
understanding and experience with the subject area and represent his best 
judgment. Part II of this report is authored by Dr. Goddard. 
3.2 Approach Health Survey and Dispersion 
-See Part II 
4.0 Existin~ Aerometric Monitorin~ Pro~ram 
4.1 Existin~ Aerometric Monitorin~ Stations 
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At the time of the site visit seven H2S air monitoring stations were operational. 
The Hawaii Department of Health (DOH) operates four of the stations. Each of 
two stations report to two different Deputy Directors. The Clean Air Branch 
(CAB) is part of Environmental Health and the Air Surveillance and Analysis 
Branch (ASAB) is part of Health Resources. The developer, OESI or Puna 
Geothermal Venture (PGV) utilizes a contractor "Science Applications 
International Corporation" (SAIC) to operate three additional stations. These 
stations are listed below with an indication of the H2S monitor type, presence of 
meteorological and noise monitoring instruments and operating entity. 
Considerable additional documentation on configuration is available but is not 
included in this report. Each station's location is shown on the attached Map A. 
Station Summary 
Name Location Type H2S Met S02 
Alvarez Station (CAB) Kaupili Street c X X X 
Wade Station (CAB) Leilani Avenue c X X X 
~,.A:ilani Station(ASAB) Kahukai Street ( X 
Nanawale Station (ASAB) Flower Road B X 
:>rmat (P< V)SW Adjacent to HGP-A Site F,P X X 
:>rmat (PC V)SE l!SW ft. SE of Well KS-8 F,P X 
Woods Station (PGV) NE of Project Kapaho Rd. B X 
Irvine ( SAIC ) Kahuk;u S treet c 
Mobile (CAB) Between '-S-8 and E Pad p 
Key: C = Community, B = Background, F = Fenceline, P = Permit 
PGV =Puna GeothermalVenture, ASAB =Air Surveillance and Analysis Branch, 
SAIC = Science Applications International Corporation, 
and CAB = Clean Air Branch 
4.2 Site Visits 
Each of the air monitoring sites were visited and videotaped for reference on July 
2&3, 1991, and the equipment and records maintained on site were briefly 
reviewed. Quality assurance and quality audit data was requested prior to site 
inspection and again during the site visit if it had not yet been provided. The 
sampling lines/manifolds, water traps, calibration and Quality Assurance (QA) 
equipment were inspected for obvious leaks, bad connections, and maintenance 
practices. The station operators were interviewed to determine their extent of 
knowledge regarding the station equipment and manner in which it was utilized 
and serviced to demonstrate a reasonable level of understanding. The frequency 
of maintenance activities, span checks, precision checks and quality audits were 
discussed with station operators. An opportunity to explain any equipment 
problems that existed was provided. The manner in which collected data was 
handled was discussed and the appropriate data and station check forms were 
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requested. Where available, the information was utilized in this review. 
Information available from the station logs, forms or note books including 
calibrations, span checks, and audits were reviewed. 
4.3 Observations. Discussion and Problems 
All existing stations produce reasonably reliable data, with the possible exception 
of: 1) the CAB stations when they experience water deposition and condensation 
problems in the sample acquisition system; and 2) the PGV -SE station being 
artificially low if H2S is scrubbed by material in the manifold. The operators 
appeared intelligent, familiar with the instruments, and capable of calibrating and 
maintaining the stations operative. Unfortunately, there is a need for an 
improved quality assurance and audit program, and some additional equipment 
and training at the DOH operated stations. 
Quality assurance and auditing problems are minimal for SAIC, greater for 
ASAB stations and serious for the CAB stations. Quality assurance audits have 
not been performed at the CAB sites. The SAIC program could be used as a 
model for the other stations operational procedure, if desired. A quality 
assurance program requirement as developed and utilized in the Geysers is also 
provided in Reference 1 for consideration. The A TC permit required EPA 
guidelines do not exist for H2S monitoring but may be successfully adapted from 
existing EPA S02 monitoring procedures. Attention must be paid to some of the 
parameters if a 1-3 ppbv sensitivity is sought. 
At a minimum, the SAIC and both state programs should be audited semi-
annually by independent DOH personnel and equipment and preferably on a 
quarterly basis. ASAB staff would appear to be in the best position and qualified 
to accomplish this task. Audits should be performed by using equipment 
independent from that used for station calibration and precision checks, otherwise 
true independent audit requirements are missing. If possible, it would be most 
desirable to audit from the intake probe on at least an annual basis. DOH 
personnel should inspect SAIC stations on a regular basis and consider being the 
primary contract manager of SAIC instead of PGV, though PGV would pay costs 
of the contract. 
Three different operational entities, operating three small monitoring programs 
of similar purpose is difficult to endorse. All could benefit from a sharing of 
resources to improve spare parts availability, audit frequency, staff time and 
operator resource without an increase in costs. Additionally, it was noted that the 
DOH stations operate without the extreme security measures that were 
implemented with the SAIC sites (cyclone fences and razor wire). DOH stations 
were in easily accessible areas and apparently better accepted by the public. 
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The two separate state programs and PGV's sponsored SAIC program should be 
modified to carefully complement each other, and preferably combined into one 
effort governed by a committee that includes significant public environmental 
representation and influence in decisions. 
There is a need to assure the public that the monitoring results are valid and that 
the stations are there at a considerable cost to serve the purpose of protectin~ the 
public interest. It may be appropriate to form a consortium under the auspices of 
the state to perform the monitoring program and specifically identify the stations 
to indicate their public importance. Removing the razor wire from the PGV 
funded stations would reduce the negative public perception of the monitoring 
program function. It should be emphasized that monitoring station operations are 
one of the most visible manifestations of commitment to the protection of public 
concerns. 
Each participant should play a role that enhances the other in performing the 
monitoring, quality assurance, quality audits and data verification which adds 
credibility even with recalcitrant detractors. The data should thus be credible and 
reported as accurately measured numbers which is made widely available. 
Problems with past efforts to monitor should be acknowledged, since it is likely 
some skepticism results from a failure of that system to report events that some 
public members clearly believe they experienced on a semi-continuous basis 
during the HGPA project. 
Similar circumstances were experienced in the Geysers Geothermal Area 
development prior to the formation of a consortium Geysers Air Monitoring 
Program (GAMP). This program includes active environmentalists and industry 
and air regulatory agencies who share the decision making power for the Geysers 
Air Monitoring Program (GAMP). This unification of mutual interest provided 
for public input, helped establish the program objectives and reviewed and 
unified all available monitoring data. The purpose of the effort was to generate 
technical aerometric information everyone would accept. We are presently in the 
third renewal of the program. The costs are paid by the industry and a 
contractor operates the stations. The method of operations were determined and 
are audited by air agency staff. New industrial members have joined and the 
program can be adjusted to accommodate any new monitoring needs. This model 
would seem appropriate for the Pahoa area. At a minimum, DOH should audit 
the SAIC operated stations on a regular unannounced basis, and possibly serve the 
role of contract administrator by having PGV pay costs through the state whom 
would contract with SAl C. This would increase the credibility of the data in the 
public's view and assist PGV/SAIC in establishing credibility of the air 
monitoring program that is well deserved. 
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4.4 Access to Data and Modernization 
Modem access to the SAIC stations is possible at present, but apparently is not 
utilized by DOH. It was not used during this event. To add this feature to the 
CAB stations would require minimal effort. The ASAB stations reportedly have 
new data loggers planned and could incorporate modem access. This attribute of 
data availability should be incorporated promptly into the information tools 
available to DOH, both for operational and QA functions, and to assist in 
emergency or other air management decisions. 
The ASAB stations were in the apparent process of equipment changes and the 
CAB stations were only recently established in February of this year. The H2S 
monitors (not sampling) system equipment at all sites can be considered modem 
and near state of the art. The data logging and permeation tube calibration 
equipment at the ASAB stations is outdated and in need of replacement. 
Permeation tubes are more problematic than gas bottle dilution systems. All 
stations had proper shelters and temperature controls. The data loggers were 
nonfunctional at the ASAB stations, but plans are reported to exist for the 
upgrade of this equipment. Each entity performing ambient monitoring utilizes a 
different sample line and manifold system. 
4.5 Intake Manifold and Samplin~ Line Problems 
There is a serious problem of water condensation within the sample acquisition 
system and a potential for significant analyzer interference at the DOH•CAB 
stations. This appears to result primarily from the stainless steel heated intake 
probe and manifold not performing in the desired manner. Condensation was so 
severe in the sampling line at the "Wade Station" as to cause water pooling in the 
sample line prior to the sampling line particulate filter. A potentially more 
serious sample line problem exists because of observed corrosion on the exterior 
of the stainless steel probes. Similar corrosion is presumed to be occurring in the 
internal surfaces of the probe which may scrub or oxidize H2S and therefore 
reduce instrument response. The extreme amount of condensation observed in 
the sample system will also affect the operation of the S02 scrubber, and 
potentially cause H2S to be scrubbed. A verbal recommendation to promptly 
first audit all DOH stations and rectify the condensation problem at CAB stations 
was given during the site visit. The ambient sample is drawn from the heat 
traced manifold horizontally which may also contribute to the condensation 
problem. These factors could be expected to cause ambient H2S readings to be 
reported considerably lower than are actually occurring. Attempts to dry and 
purge the line were immediately made, but the condensation problem was again 
present the next day. 
The SAIC and ASAB stations use a combination of Pyrex and Teflon for 
manifold and sample line. The probes and water drop or insect traps are set up 
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in a typical manner to ensure a short residence time and maximize the removal of 
dirt or water droplets. The sample line is withdrawn vertically from the top of 
the manifold. They appear to perform well with no condensation noted but may 
retain a considerable number of trapped insects. In all observed sites more 
frequent cleauin~ of the saroplin~ manifold appears to be necessary. This is 
especially a problem at the SAIC - Southeast Station where spider webs and a 
light (oil) film was observed in the manifold. The station operator explained that 
the agricultural location of the station was an especially serious problem for 
spray exposure(s). The general degraded state of intake probes/manifolds 
cleanliness needs to be corrected by regular maintenance at all stations, and can 
be suspect of causing artificially low level H2S values. This is especially 
important since no audit or check has ever been performed using the entire 
probe/sample system, and that also measures the contamination effect which may 
reduce the H2S levels prior to analysis. A weekly check, and cleaning, if 
necessary, would seem appropriate, and maybe relocation if the problem is not 
controllable. It is advised that the external intake probes be directed downward 
(even though positioned under an inverted funnel). Consideration of a coarse 
insect screen to reduce insects entering the sample manifold might also be 
appropriate, but should be further investigated and tested before implementing. 
The SAIC stations use a large diameter intake pointed upward and are therefore 
especially susceptible to the insect and agricultural spray problems. 
Consideration should be given to using a uniform sample probe configuration that 
can be as short as possible, incorporates an effective water droplet and insect 
trap, having inlets directed downward, and which avoids the water 
carryover/condensation problem. The assembly should be easily leak checked 
and cleaned, or replaced on a regular basis at all sites. The manifold should be 
positioned or balanced to best track ambient temperatures in an attempt to avoid 
condensation. 
4.6 Quality Assurance and Data Reduction 
Written quality assurance procedures, with appropriate work sheets and forms 
are customarily utilized at air monitoring stations. CAB stations in particular 
were remiss in this regard, with only a notebook (which is taken off site) used to 
record QA activities and instrument adjustments. Only the SAIC stations had 
posted procedures, adequate work sheets and the customary bound station log. 
The station log allows a proper record of station problems, activities and status 
that is not removed from the site (duplicate sheets are created). The ASAB 
stations, as a result of the initiative of the operator, had a draft operating 
procedure for the TECO instruments, diagrams and clear procedures. 
ASAB stations are audited by a semi-independent party quarterly. Unfortunately, 
the ASAB equipment utilized is not totally independent, and is typically used to 
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check the permeation tubes at both ASAB operated stations. Data loggers were 
not functional at ASAB stations. The technician that performs the audits also 
services the station and as such, a proper independent audit does not result. The 
Irvine station had apparent slow response problem(s) and required two hours for 
the daily span and zero check. This response is indicative of equipment problems 
which should be resolved. The ASAB stations are considered the poorest 
equipped because of the use of permeation tubes, absence of data loggers and 
meteorological monitoring. 
Data reduction procedures at the ASAB stations were largely by hand reading of 
the strip chart, and by data logger dump to a personal computer at the CAB 
stations. Monthly data tabulations could not be provided. In both cases the 
results had historically been that only zeros were measured and therefore the 
formal data reporting had been placed on a low priority. 
SAIC has an extensive QA and data handling program that is well documented 
and formalized. Still SAIC data tabs show a 1 ppb at 01:00 hours frequently, 
which is likely an artifact of the automated span check. These types of 
instruments are actually only accurate to plus or minus 2 ppb, or maybe worse, 
for zero baseline measurement reporting. Data should be corrected as presently 
reported. The stated zero drift tolerance of .025 ppm in the quality assurance 
plan fortunately is not used, but again provides good reason to utilize a 10% chart 
zero offset to determine the extent of the zero drift. 
4.7 Backiround Data Stations 
A review of available measured H2S background data has apparently shown little 
or no existing H2S in the vicinity of the project. Actually, all sites show zero 
H2S except when attributed to a source event, or as in the case of SAIC data a 
suspected artifact of the span check. Background station operation is at 
considerable expense and the continuing effort is difficult to rationalize as 
necessary, as incorporated into the ATC permits in the present manner. A 
natural emissions inventory could be carried out in the general area, and if 
sources are not identified that are likely to contribute, a years worth of no 
detectable amounts of H2S for background should be considered acceptable as 
establishing background as near and indiscernible from zero. Additional 
meteorological monitoring is likely to be more helpful in discerning any 
influence of VOG or future volcanic activity, should it occur, and procedure 
worked out by the EPA and California Air Resources Board for such events 
could and probably should be followed. 
It is suggested to use zero H2S as the background value and simplify the 
enforceability of permits. The resource saved could be redirected to provide 
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better meteorological monitoring, remote data access, source testing and other 
pollutant monitoring that would address public concerns. 
4. 8 Strip Charts or Hard Copy of Data 
Strip charts can be invaluable for use in an area that experiences power failures 
or when instrument problems begin to happen. Strip chart recordings were 
offset by 10% only at the ASAB stations; however, data loggers at the other sites 
can report negative numbers as well as over range numbers and are useful in 
determining instrument operation. Nevertheless, it is suggested that dual trace 
charts be utilized that operate in two ranges such as 0-100 ppbv and 0- 500 ppbv, 
and that a 10% zero offset be utilized to better track and document instrument 
drift for the operator. A ten inch chart is also markedly easier to use when 
attempting to read in the 5 ppb range. The span and zero drift limits are 
tolerable, given the apparent measurement objectives, but need to be clearly 
delineated (especially SAIC's QA) as to when adjustments are to be made. All 
operators appeared to be aware of this problem. 
4.9 Meteorolofijcal Monjtorinfi at Stations 
There were only three met stations operating as part of the system at the time of 
the site inspections. These were located on 10 meter towers at the CAB Wade & 
Alvarez and SAIC-SW stations. QA procedures were adequate at SAIC, but were 
not documented at CAB. The method of alignment at SAIC was customary and 
easily confirmed from the ground. CAB needs to adopt the procedure of aligning 
the vane and monitoring arm with true north to easily verify direction by site 
inspection and independently audit at least once after establishing a station. The 
Irvine site, with its elevated geographical location, is suitable for additional 
meteorological monitoring and should include such immediately if concern over 
additional venting exists. 
5.0 Existinfi Noise Monitorinfi ProJiram 
5 .1 Monitorinfi Pro~ram Description 
An extensive effort is put forward to monitor noise by SAIC under contract to 
PGV. A PGV staff person charged with permit(s) compliance on site has also 
begun to play a more active role in the noise complaint handling and monitoring 
effort. 
The extent of noise monitors exceeds permit (GRP #21) requirements for 
monitoring but may not be recording and utilizing the necessary data. PGV has 
three permanent and one mobile continuous noise monitoring stations, one hand 
held unit used by PGV staff for complaint evaluation and one that is reportedly 
loaned to the public. The Hawaii County and ~H each have a ~d held. B&K 
monitor which is apparently utilized intermittently. All PGV equipment IS 
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modern Quest Model 2700 or 2800, B&K, etc., yet it is not clear that the 
necessary LIO can be measured while under automated operation. 
An open ended pipe microphone housing is utilized and intended to be somewhat 
directional (pointed at the project area). The housing also provides protection 
from the elements; however, they can also be expected to exaggerate the effect of 
the rain, wind and insects if they enter or fall on the steel chamber. The 
microphones are l/2 inch Type I, but do not incorporate a dehumidifier. The 
calibrators are certified by the manufacturer on the recommended schedule. 
Hourly averages are logged and included with aerometric data at the SE and SW 
sites. They are downloaded daily and reviewed by SAIC in San Diego. 
Additional data loggers are maintained with the stationary monitors and 
downloaded into a personal computer for further reduction. A five inch strip 
chart recorder is maintained of output data. An SAIC descriptor is available 
providing more detail on equipment and procedure. The data at the SE and SW 
sites is remotely accessible. The stations are summarized in the table below. 
Noise Monitoring Resources 
Name Location Make Model LIO LMax 
Number 
Leilani S ration (Irvine) Kahukai Street niest 2800 M M 
Ormat SW,F Adjacent to HGP-A Site niest 2700 ? ? 
rmatSE,F 1800 ft. SE of Well KS-8 ~St 28( I()_ M M 
obtle (PGV), P Between KS-8 and E Pad c est 28' 0 M M 
JH Hand Held B !tK 22 1 X X 
I Countv of Hawari HandHeld B !tK 22 ~5 X X 
lt'UV HandHeld ( ~St 28 )() M M 
PGV Hand Held- Public Use ( t(Jest 2800 M M 
Note: L10 d LMax are not available common!' on all instruments. y an 
5.2 Geomermal Resource Permit fGRPl Regyirements 
From a simple reading of Condition #24 of the GRP, the following is offered as 
the applicable two components of the GRP noise limit. The first limit is an L 1 o 
of 55 dBA day and an L1Q of 45 dBA night (slow A scale) for 20 minute 
reporting intervals. The second limit is a 65 dBA day and 55 dBA night 
maximum (slow A scale). Authorized exceptions, and procedures for defining 
them are given in part C. Monitoring is not presently configured to determine 
compliance with these limits. Monitoring is not presently performed at the 
nearest residence, and it should be made clear that the SW and SE sites are 
acceptable alternatives to the nearest residence requirements for enforcement. A 
L 10 value for 20 minutes would customarily require more than minute samples 
to determine. 
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It is obvious that part "a" intends to apply a limit that is modified by part "b" and 
the time interval set for this modification is 20 minutes. It might also be argued 
that from the reading of part "b" that unless the noise is impact in nature then 
limits of "a" apply. It is also clear that BACf is required for exceptions 
provided in part "c", and would be determined on an individual exception basis. 
It was not possible to evaluate if BACf is being applied for exceptions. 
The actual noise limit applicable as practiced and adequacy of reporting is not 
clear to this investigator. Does the 10% time allowance of a 10 dBA increase 
apply to an L10 measurement for 20 minute intervals or a maximum of two, one 
minute intervals out of a concurrent running 20 minute period of time? Can you 
exceed the general limit by more than plus 10 dBA? 
It would appear from PGV's present practices that they compute the hourly 
averages at monitoring sites, and determine if they exceed the limit. They also 
compute and report the twelve hour averages, but it is not clear why. If they do 
exceed they see if three or more one minute plus periods of the 20 minute 
intervals were also exceeded. If not, then an exceed doesn't occur. If an exceed 
occurs, they then determine what caused it with the assistance of the near source 
monitor. If it isn't the project (i.e. crickets, rain, etc.), then the incident is not 
acted upon. The slow dBA maximums and a determination whether they go over 
the 65 and 55 dBA levels are apparently not reported. 
5.3 Regu1atozy Noise Needs 
DOH or Hawaii County should have at least one monitor with shelter and modem 
access that can be used at a persons home when there appears to be a conflict with 
the developer. Sound activated tape recorders can also be very useful in some 
circumstances. Spot checks performed by an agency would add credibility. Site 
inspections of PGV's effort and periodic comparison of calibrators could also add 
to the credibility and acceptance of PGV's noise program. 
The present noise standards are not likely to be completely acceptable to the 
community as levels are allowed to exceed those required for sleep and quiet 
outdoor activity. Open windows are apparently customary in Hawaii and worsen 
this situation. As the complaint response requirements are intimidating and may 
not be appropriate for a friendly resolution of the noise complaint(s), especially 
if in compliance and impossible to mitigate, it may place PGV in a difficult 
circumstance to resolve. The standards might even be construed as deceitful 
given the obvious fact that the wording allows a level 10 dBA higher 10% of the 
time than the 55 and 45 dBA stated as a general noise limitation. 
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Typically, noise assessments for BACT are not easy. The LCAQMD has 
completed a study and fmalized a report that has been made available to Hawaii 
agencies. This might serve as a start. If necessary, the Planning Director should 
seek advise from an independent consultant. This is one area where an ounce of 
prevention (especially prior to constructing) is worth a ton of control after the 
fact. 
As an example, steamline pressure release valves were observed during the site 
inspection to be without mufflers and not directed away from residents. They 
should be muffled and possibly directed to an abatement system to be considered 
to qualify as BACT. They are designed to respond to emergencies and will sound 
like a large explosion when ruptured because of an over pressure. This would 
appear even more important if wellhead shut-in valving must be manually 
operated to correct this condition. 
As a general comment, except for the requirement of BACT, the GRP and 
monitoring program fails to acknowledge that dBA's determine the level of 
sound, not noise. Some sounds are extremely irritating, such as brake squeal, and 
even at low dBA levels mitigation should be applied. While this fact will be 
essential to incorporate into any successful program, it is not achieved without 
substantial and careful evaluation of complaints genuinely and sincerely given. 
Clearly a preventive technology based and not reactive complaint based 
regulatory program is preferred. 
Footnote: People don't complain about noise until they are already angry! 
6.0 Uncontrolled Ventin~ of KS-8 
6.1 Accident Scenario 
The accident or uncontrolled release scenario involves several phases, and while 
these are not certain, assumptions must be made if the dispersion and ambient 
measurements are to be evaluated with meaningful hindsight. The Element ill 
Team was to be provided the Element I report but as of 7/17/91 had not received 
the report. The following is therefore offered as a plausible sequence of events 
as reconstructed from reports and interviews. Video was provided by the public, 
but video considered confidential was not viewed nor was evidence taken that 
should be treated as confidential. The confidence in the scenario is thus lessened 
and may warrant correction. 
The initial release of gas and H2S occurred on 6/12/91,18:49 hrs.; while 
circulating the bottoms up (drilled material settled on the bottom) after a long 
period of stationary inactivity. The drilling mud apparently released H2S as a 
distinct and sharply defmed value on the mud measurement equipment (186 ppmv 
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peak). Carbon dioxide emissions also increased and were likely mixed with the 
H2S. This gas release plume was probably cool, contained heavy gases and would 
be anticipated to be poorly or non buoyant, and may have been transported intact 
in light winds. There were several odor complaints from neighbors shortly after, 
which were probably caused by this release; however, it is unlikely that this 
release contributed to the high ambient H2S measurements observed later that 
night. After the initial momentary release, the mud showed only normal levels of 
C02, and no H2S release is apparent until the major uncontrolled venting 
incident. 
The more serious incident began at approximately 23:16 hrs. and involved two or 
possibly three quick initial releases of gases and/or steam that caused considerable 
damage to the drilling equipment and shook windows of nearby residence. The 
shock waves have generally been described as explosive and may have been the 
result of water or mud "hammers" built up in the well bore as gases or vapors 
evolved. The fluids gained velocity as they were driven to the surface, and 
compressed the vapor as they encounter a mechanical blockage. They are a 
common problem dealt with in handling high temperature geothermal fluids. 
It is uncertain as to the exact nature of the initial release, but it would appear that 
a large fracture was encountered capable of producing high temperature flashed 
steam. Entrance to a void area may account for the observed weight on the 
drilling hook significantly increasing, and within the next few minutes a recorded 
14 foot drop of the Kelly. Drilling mud temperatures and pumping pressures 
increased then significantly dropped. The gas/vapor release or explosion 
necessitated the temporary abandonment of the rig. This initial phase, including 
the described "explosions", are assumed to have contributed little in the way of 
significant H2S emissions, since the rig deck personnel were reported to have not 
been acutely exposed to H2S or steam bums. It is not clear any personnel or 
occupational exposure alarms were activated. The alarms may have been 
deactivated by the explosion, but even that is not certain. The mud monitoring 
equipment was believed to have been made nonfunctional after the first 
"explosion". 
This initial "explosive" phase was followed by a continuous release of a plume of 
saturated steam and water which passed through various points of the rig floor, 
through the rig structure siding, out the dog house windows and any open or 
ruptured line communicating with the well bore. The plume rise was estimated at 
approximately 65 feet. Portions of the plume were redirected downward as it 
exited the rig deck skirting. The estimated steam flow was 150,000-200,000 
lbs/hr. The H2S concentration was not measured, but judging from KS-3 and 
other nearby well test for flashed steam, 700-900 ppmw is considered a good 
approximation. Given the concentration and estimated flow rate, an emissions 
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rate of 105 to 180 pounds an hour of H2S results. PGV estimated 30% of the 
water content remained in the flashed steam and reported observing a 
characteristic popping noise likely resulting in evaporative cooling. The release 
continued without apparent change until approximately 06:00 hrs on 6/13/91. 
At approximately 06:00 hrs on 6/13/91 a line relieving pressure from the casing 
was opened, directing the steam horizontally to the west northwest in a 254° 
direction with considerable momentum towards the residential areas. The 
internal diameter of the choke line is 3" (assumed double strength 4" pipe). The 
choke release height is 66" above pad level. Emissions continued as described 
previously, though assumed at a reduced rate from the choke or "HCR" line 
providing a pressure relief. The total well steam emissions are presumed to have 
increased given the two separate release points with the majority of emissions 
exiting the choke line. Assuming an approximate 35 foot, 4" double strong pipe 
(3.1" ID), and a 3" gate valve fully open, the flows were estimated at 370,000 
lbs/hr with 1500 PSI well head pressure 119,000 lbs/hr, at 500 PSI. Since 
flashing and carry over occurred, the flow utilized is 200,000 lbs/hr, though 
obviously variable. The total steam release is estimated to have increased to 200-
250,000 lbs/hr following the inclusion of the choke line. The plume from the 
choke line was reported to have mixed to the ground as it passed over the pond 
and under the canopy of nearby papaya trees. 
Water was pumped down the drill string reaching the bottom of the hole 
beginning at 10:30 hrs. on 6/13/91. Venting continued until 04:00 hrs. on 
6/14/91 at which time the choke line was closed and water was pumped down the 
annulus (well casing minus drill string) causing a pressure drop from a reported 
1,700 to 900 psi, and significantly reducing emissions. LCM (plugging material) 
was introduced to the annulus and successfully plugged the escaping steam from 
around the steel rams and emissions from the well were reported as controlled by 
10:00 hrs on 6/14/91. Most emissions ceased as evident from the noise data by 
0600-0700 hrs on 6/14/91. Odor complaints continued and were confirmed by 
DOH•CAB staff. PGV is uncertain as to the occasional small steam releases 
continuing, or the possibility of a gas cap forming and slowly leaking as gas of 
possibly high concentration. The last verified odor complaint apparently 
occurred at 22:15 hrs. on 6/15/91, and can perhaps be explained in Part II of this 
report as return flow. If not, one must assume emissions from from KS-8 
occurred and caused the complaint. 
6.2 Field Air Samplin~ and Nojse Monitorin~ Durin~ the Event. 
The electrochemical cell alarms and Houston Atlas H2S analyzer on the drilling 
site apparently were rendered nonfunctional by the accident and apparently did 
not sound an alarm. Instantaneous or short term measurements were made by a 
number of different individuals and compiled by PGV and DOH staff for 
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consideration. They are incorporated by reference and constitute a substantial 
information base. 
The H2S monitoring equipment used included a Color Tech Rotating Head 
Sampler (DOH), Gas-Tech and Draegar Tubes (DOH & PGV), and a Jerome 
(PGV) field portable hand held monitor. Of these methods the Jerome 631x, 
followed by the Draegar and Gas Tech tube methods are most reliable. A degree 
of darkening determination must be made for the Color Tech's Rotorods after a 
specified interval of rotation and are judged more difficult to accomplish, 
especially at night. DOH should plan to convert to a Jerome or similar 
equipment. 
A considerable number of measurements were made in the immediate area by 
DOH staff. These numbers validate the fact that the stationary air monitoring 
instruments were not necessarily measuring a worse case at any given time. 
Unfortunately, the high value measurements recorded on the property and off the 
project that initiated the evacuation, were not compiled as part of those data 
sheets. 
Questioning of PGV and drilling staff disclosed that several values in the ppmv 
range were measured. The first values reported, consistent with the Emergency 
Plan requirement, were directly downwind of the uncontrolled vent off the 
project site and were the highest reported at 29 & 22 ppmv (29,000 & 22,000 
ppbv). These values, reported by a PGV staff member, either resulted in, or 
confirmed the early decision to evacuate the Lanipuna Estates. Questions were 
posed as to whether the value was in error, and if it could have possibly been a 
misread of the display. The PGV staff member who made the measurements 
stated the second reading was to make sure he had not misread the instrument, 
and that he had not misplaced the decimal. He appeared to be competent, 
knowledgeable and capable of properly operating the instrument. He had 
previously used the instrument. Generally three distinct samples are taken, but 
the first sample should, if not representative, be lower than the actual number. 
On 6/14/91 the instrument was compared to an H2S excursion measured at the 
Irvine Air Monitoring Station and agreed within 10%. At the time of the site 
inspection on 7/3/91 it was suggested that a span check be performed, but the 
instrument had apparently suffered a malfunction, and was to be returned to the 
manufacturer. No reason to disqualify or discard the numbers generated by the 
instrument are apparent. 
The PGV staff member deserves compliment for acting in a responsible and 
timely manner consistent with the Emergency Plan in reporting the values. The 
middle of a potential emergency is the wrong time to doubt an instrument 
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purchased for and used in the manner designated. Subsequent numbers taken by 
Draeger and Gas Tech methods make the initial high numbers even more 
plausible. A reading of 20 ppmv was reported adjacent but immediately upwind 
of the rig, a 5 ppmv value was reported approximately 500 ft downwind 
measured at 10 am on 6/13/91, and a 2.9 ppmv value was reported as measured at 
600 feet downwind at about II am on 6/13/91. All occurred after the 29 ppmv 
measurement taken immediately after the accident. This information would 
indicate a validity of the higher number based on the lesser dispersion likely to 
have occurred with the initial release under nighttime conditions. 
The use of this Jerome 631x owned by PGV was extensive. From conversations 
with PGV and DOH staff, and in our experience, it is more likely to produce 
useful, timely, extensive and accurate data than the other methods utilized. The 
survey mode is especially appropriate for use in cases of accident investigation to 
warn the user as well as make measurements. The H2S values collected by the 
Draegar or Gas-Tech method, can be considered reliable if in the ppm range. 
They are more characteristically used in the work environment. The Color Tech 
Rotorod is not advised simply because superior alternatives exist. The sample is 
an integrated 10 minute or longer sampling and the degree of shading must be 
judged from a comparison chart subject to operator interpretation. 
6.3 Field Noise Monitorin~ Durin~ the Event 
The noise monitoring effort was significant and continued throughout the event. 
There is little disagreement that the legal limits were exceeded by a substantial 
and continuing amount at all permanent monitoring stations. The reader is 
referred to the "Puna Geothermal Venture, Noise Monitoring Program, Well 
Blow Out Data Report, June 1991 ". The uncontrolled venting noise levels clearly 
exceeded GRP permit limits by 25 to 35 dB A. Numerous spot measurements 
were made by a consultant and PGV staff whom surveyed the area and reported 
similar results demonstrating the widespread noise exceeds. Compliance was re-
established after controlling the vent. 
6.4 Drift and Emjssjons Estimates 
Results of an analyses of drift reported to be deposited on the windshield of a 
visitor to the site using EPA method 601 was submitted by a public member and 
is presented below. Catchment analyses was performed on four homes. 
Apparently, these are the only samples taken during the event for constituents 
other than H2S. It should be noted that such sample collection, while of interest, 
does not establish the deposition rate which is critical to understanding any 
effects. It may, however, establish the need to consider decontamination cleaning 
of equipment with significant drift deposits and indicate a need for additional 
source and ambient testing. Sample collection three weeks later is not viewed as 
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rational, and such was not suggested. The components of the windshield deposit 
is as follows: 
c omponent R eporte d 1 va ue u· mts 
Lead 678 ppmw 
Nickel 90 ppmw 
Chromium 72 ppmw 
Manganese 118 ppmw 
copper 16.3 ppmw 
Zinc 19.2 ppmw 
Arsenic less than 10 ppmw 
Iron 6.53 ~rcent 
Aluminum 1.56 percent 
The catchment samples were taken on the afternoon of 6/13/91 and show no 
exceeds of drinking water standards, though some components of concern were 
shown to be present at the Alvarez residence. The data should be compared to 
future, or if available past, analysis. If the effort was properly designed, and 
consideration of water volumes, rain, evaporation, etc., were incorporated, these 
sites might serve as long term recording sites. At the present time it is 
inappropriate to conclude anything other than the catchment waters met suggested 
standards on 6/13/91. 
6.5 Monitorin~ And Actions That Should Have Been Considered 
No abatement was in place and no apparent or reported attempt to barrier the 
noise, sample the plume, or redirect the plume was made. Plans for the future 
should bring these issuesforward for consideration promptly once personnel 
safety issues are addressed. A system should be prepared and valved into place 
during any future high risk drilling to control noise and air emissions. A cyclone 
and H2S abatement system as used during air drilling might be appropriate. 
There was apparently no drift samples collected by DOH or PGV. This task 
could have been easily accomplished at established intervals downwind, and 
would have aided greatly in assessing the potential impact on water catchments 
and particulate release. No sample of downwind TPSP or PM-10 measurements 
were made. 
The permits require quantification and characterizations of emissions by the 
permit holder after a malfunction resulting in a 100 ppb exceed. These are 
apparently not available (see ATC Condition #23) and as of 7/15/91 they have 
not been provided and are assumed to not exist. The closest located characterized 
well is KS-3. Test data from it and other nearby wells were obtained from 
Thermochem which is contracted to PGV for chemical analyses. These analysis 
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are utilized to produce the emissions plume descriptors. There is no assurances 
that the characteristics of KS-7 or KS-8 is similar, and in fact given the reported 
30 ppmv values for H2S on the rig deck during the KS-7 "gas kick", they may be 
significantly different. The evaluation of drift deposited on the windshield from 
the plume of KS-8 would indicate such is the case. 
6.6 Emissions Estimates of Trace Components 
The following concentrations were utilized as estimators for potential impacts and 
are based largely on well KS-3 and KS-1A simply because that was the only data 
provided for close proximity wells. Additional data may be available but has not 
been provided. A steam condensate analysis for well KS-3 was performed by 
Utah Research Institute on 3/30/91 and provided on 7115/91. Sampling methods 
did not detail if a complete steam analysis was accomplished but a verbal check 
and review of the results indicate a simple analysis of condensate. Ion closure 
was not apparent. Values were reported as non detectable except for salt 
components. It appears that the analysis required by A TC Condition #20 have 
not been completed and significant portions of constituents largely ignored from 
an analytical chemistry perspective. The possibility of using HGP-A data was 
suggested, but judged inappropriate as the resource is somewhat removed. The 
issue of brine occlusion and drift carry through in the absence of flashed steam 
passing through a separator is difficult to ascertain (it is estimated a 30% carry 
through occurred). The constituent contaminants entering the flashed steam 
depends significantly on the dynamics of the flash and water droplet removal 
process, especially if down hole flashing is occurring. A conservative approach 
would be to use the brine numbers directly, or at 30% although emissions level 
estimates would be biased high. 
c omnonent L ower u Jnner u· mts 
hvdro11en sulfide 493 1200 lnPmw 
ammonia 0.168 1.49 ippmw 
arsenic unreported unreported 
lead unrePorted unrePorted 
cadmium unreported unrePorted 
chlorides unreported unreported 
boron unreported unrePorted 
mercurv unreported unreported 
I Ph unreported unreported 
Total Dissolved Solids unrenorted unrePorted 
Total Susnended Solids unreported unreported 
nickel(not reouire<IT unreoorted unreported 
chrome (not reauired) unreported unrePorted 
unreoorted unreported 
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The only data that appeared relevant and could possibly be used to determine 
components of flashed steam were for KS-1A total brine and post flash brine. 
Mass balancing using the reported 0.7989 flash fraction is shown below. The 
data does not appear to be useful since the computed values are likely within the 
analysis error. 
Component Post Flash Total Brine Steam, ppmw 
Arsenic 0.49 0.1 0.00182876 
Mercury 0.0017 0.0003 -5.241E-05 
Boron 8.43 1.7 0.00591689 
Silica 1170 235.27 -0.0212793 
Aluminum <2.50 <.50 na 
Barium 32.3 6.5 0.00559519 
Manganese 8.13 1.63 -0.0061873 
Chloride 18500 3720.06 -0.3629991 
Fluoride 0.91 0.18 -0.0037564 
Sulfate 14.2 2.86 0.00548254 
Total Dissolved 33100 6655.89 -0.650895 
Solids 
After some dicussion and analysis, it was determined a valid characterization 
could not be provided, but is dependent upon the nature of volatilization and 
carry through. Therefore in Part II of this report emissions are assumed to be 
100% of those of brine provided in the A TC application. 
The reader is refered to Part II of this report for an estimation of brine content 
based upon the PGV application provided information, and estimates of possible 
impact. 
6. 7 Event Evaluation & Recommendations: an Ajr Quality Perspective 
The accident was not anticipated nor acknowledged until underway. Abatement 
technology to control emissions was not in place. Management and analytical 
characterization of emissions was not available. This limited the assessment of 
impact potential. Field measurements were not correlated to emissions or the 
configuration characteristics of the release as the accident continued. Estimation 
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of emissions did not occur though venting continued for a substantial period of 
time. The accident happened during a least desirable time of the day to handle an 
emergency. 
In forecasting and detecting the event, it is apparent the failure of down hole 
temperature probes, the earlier gas release of H2S resulting in complaints, and 
the lost circulation should help warn operators of risk in the future. It may be 
practical to improve the mud logging gas detector(s) response time by adding a 
second but less sensitive detector or Jerome type sensor with a quicker response 
time to the mud monitoring operation. Presently, the configuration and 
instrument have a delay of several minutes. Relocating the mud sampling device 
(versus sample transpon through a sample line) is an alternative. A second 
readout device could also be displayed on the rig deck. Drilling slower and 
circulating more mud when near suspect depth, paying attention to bottoms-up 
characteristic and carefully monitoring the heat load and volume changes of the 
mud (this is done at present) are obviously appropriate, given hindsight. The 
issue would be how slow to drill, and to take steps that maximize the response 
speed. It may be appropriate to look for mud components (i.e. high chloride) 
characteristic of geothermal brines, or other gases that might be occluded into the 
mud and not necessarily be released or detected. If a high pressure entry appears 
likely, appropriate panies should be notified and placed on alen and continued 
drilling delayed to reasonable daylight hours. 
If an accident or pressure release occurs, it would be desirable to be prepared to 
characterize the emissions as soon as practical. The on site Ex-Log (Tectonic) 
staff are generally capable of doing this for H2S and should be assigned the task 
with possible assistance of other staff. A direct in-steam sample probe might be 
necessary and should be prepared ahead of time. Samples should also be collected 
for other components such as drift and particulate. Analysis should be repeated 
as frequently as practical and necessary to track the venting steam characteristics. 
An estimate of emissions release point height and total release would be 
necessary, and could be made from visual inspection, well head pressure (if 
necessary it can be estimated from the temperature using steam tables) and the 
size of vent(s). This information should be provided to the emergency or event 
managers whom can with this information and existing real time meteorological 
data, utilize mathematical models to anticipate the worse case plume path and 
probable concentrations. Field staff can be directed to these areas to establish the 
validity of predictions through monitoring and to visually observe downwind 
locations and areas generating public complaint. 
Air pollution control technology to treat an uncontrolled or forced-release should 
be required to be in place and operational prior to drilling in areas at depths 
suspect of behaving like KS-8. This could include valved in large capacity 
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pressure relieve valves, H2S abatement capability, wet cyclones for particulate 
removal and noise mitigation, and possibly even a large capacity muffler or stack. 
A typical system is shown in Figure 2, which also utilizes hydrogen peroxide to 
oxidize and stabilize H2S. These need to have the capability of being promptly or 
automatically activated. The system should have an overcapacity, be directed in 
the best direction and sampling ports built in at appropriate locations to allow 
determination of emissions. Consideration of removing the A TC limitation on 
air drilling should also be evaluated if the developer believes that method to be 
safer, and perhaps more capable of controlled drilling. The practice of allowing 
short term uncontrolled venting (7 minutes, per A TC) needs to be evaluated as to 
possibility of appropriate concern for loosing control of such venting and rather 
abatement is in place to mitigate. 
During the site inspection, a review of the records and interviews with staff, the 
quantifying and considering of the above factors was always a secondary 
objective. This is really the only way to protect the public. No amount of 
monitoring, after the fact analysis, or good intention will improve the air quality 
without the preventive steps to avoid, control as necessary and manage temporary 
emissions. 
6.8 Interaction with Eroer~ency Response 
PGV staff and agency staff did act responsibly in implementing the Emergency 
Response Plan, which is the subject of Element II. PGV and their staff member 
whom acted promptly and reported the first high values displayed a commitment 
to the protection of the public. This was apparent from the joint committee on 
Element II meeting attended. 
It is clear that you can not put enough permanent air monitoring stations in the 
community or deploy sufficient field monitoring equipment to measure pollutants 
at the time of a large air emissions release to represent "worse case" which will 
tell you, with certainty under all possible conditions, when to evacuate without 
the considerable risk of being too late, in error, or without an adequate safety 
margin. It is for this reason that emergency responders also need to consider 
personal H2S safety alarm needs. 
Monitors such as the Jerome, which can measure over a wide range and also act 
as a personal warning system (in survey mode), are best suited for field 
measurements in suspected high and low value areas. The use of mathematical 
models as noted above, can be automated with modem meteorological systems, 
but this type of system must be in place prior to any accident. If an accident and 
event continues for an extended period of time, as the subject one did, such tools 
can prove invaluable. The compliance and community air monitoring system can 
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greatly assist in making and confirming decisions and impacts, but only if 
emissions data is also available or they happen to be in the worse case location. 
When developing a new resource and technology there simply are no guarantees, 
and to offer such is to raise skepticism in a careful person. A good healthy dose 
of such skepticism for DOH staff would be appropriate for this project at this 
point. The drilling safety, blow out prevention and well integrity issues should 
properly be the responsibility of agencies which specialize in the area, or a third 
party (with adequate bonding and insurance) should be utilized to assess 
developer procedures and plans. 
7.0 DOH Authority to Construct Pennit No. A-833 
It was agreed prior to the initiation of this independent investigative effort that a 
permit review could not be accomplished in more than a precursory manner, and 
would need substantial more time than available at present to complete. The 
summary below is mostly relevant only to the specific uncontrolled venting 
accident of 6/12/91/ to 6/14/91 and should not be considered complete or relevant 
to the many required performance criteria, plans, notifications, etc. The site was 
visited on the afternoon of 7/2/91 with DOH staff and again on 7/4/91. 
The most relevant permit conditions are as follows. Condition #23 was 
implemented when the stations measured H2S above 100 ppbv for an hour 
average. Similarly if the uncontrolled venting is considered a blowout, Condition 
1t2Q..applies regardless of impact. Both conditions require a report within five 
days that is to include "the estimated project emissions". Condition #13 has a 
similar requirement for well equipment failure. Condition #17 has a similar 
requirement for "each steam release incident" or "inadvertent release". To date 
this estimate has not been provided the investigative team, and was not available 
for the emergency planning. The level of contamination and net emissions from 
the source would have greatly assisted the emergency response, and should have 
been available in a competent manner as soon as possible. Emission estimates 
were also requested by this investigation for the KS-7 gas kick, but have not been 
provided. This lack of apparent source testing and emissions characterization 
makes it difficult to manage and greatly lessens the ability to learn from such 
accidents. The limitations placed on the emissions sources must ensure the 
ambient goals under worst case. Figure 1 utilized to explain the LCAQMD 
program explains in a simplistic manner the necessary components of a 
regulatory system. The permit at several points is confused by differing ambient 
goals under different operational or breakdown scenarios (i.e., the standard of 
performance is 5 ppb, a 25 ppb increment, or 100 ppb). There is an obvious 
attempt to make the permit BACT driven, but goals appear to be set to 
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accommodate potential problems the developer may encounter, and not to achieve 
defined ambient air goals. 
Per Condition #23 the drilling is to proceed only "after the permittee has 
demonstrated to the Department of Health that contributions from the well ... will 
not result in or contribute to the exceed hydrogen sulfide ambient concentration 
of 100 ppbv". This latter requirement is a substantial obligation and one that is 
unlikely to be made with great certainty. Clearly it calls for mitigation to control 
or avoid repeats of the subject uncontrolled venting. Condition #23 goes on to 
state notifications can not constitute a defense to violations. 
Condition #13 requires "During well equipment failure or malfunction which 
result in hydrogen sulfide emissions, the permittee shall apply best available 
control technology, etc. It is not clear that the well equipment for Condition #13 
purposes, also means during drilling. The electrochemical cell referenced for 
flow testing results were not available and it is not clear it has been or is practical 
to be utilized. If in fact they were available and deemed accurate, they should 
have been used to help quantify the uncontrolled venting emissions. The 
LCAQMD experiences with such devices has been negative in nature, and would 
warn that such results may be unreliable. 
Condition #17 has several other requirements such as increasing the weight of 
mud, shutting in the well, limiting emissions to five (5.0) pounds per hour, no 
more than seven (7) minutes of venting, and "In no case shall air drilling be 
used". The 5 lb/hr emissions rate needs to be clarified as to whether it is an 
instantaneous rate or the two combined allow a "42 lb/hr instantaneous rate" or 
greater provided it does not continue for more than 7 minutes. The air drilling 
restriction may be counterproductive in the event the resource is different than 
expected. The removal of this restriction should be considered. Though it makes 
for more expense and difficult management, it may be the safest manner in which 
to proceed. 
Condition #5 requires an ambient monitoring program that has been implement-
ed, and is the focus of this report. 
Condition #20 requires the very kind of information needed for power plant and 
well field environmental design considerations and to help estimate emissions as 
was desired in this case. Unfortunately, there is no specified time to perform or 
submit the data from the tests, and tests apparently have not been performed to 
date. The condition should be modified to be accomplished during initial well 
venting (clean out with no separator) and again during separation and flash 
testing. Given the high chloride content in the resource, tests should include gas 
phase HCL and possibly HF. Other constituents of concern should be considered 
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as information develops on the character of the resource. Tests should be 
carefully thought out and performed using geothermal resource sampling 
techniques and analysis (not wastewater). Chemical characterization of the 
resource is critical at the earliest possible time to assist in ensuring that plant and 
emissions control equipment reliability is not going to be adversely effected by 
any unexpected constituent(s), and that unexpected emissions of concern not go 
unquantified. A very high temperature versus low temperature flash resource 
should initiate such careful review. 
DOH staff should review circumstances and decisions as information is made 
available to assist in anticipating problems and in determining appropriate permit 
to operate conditions. Frequent and or long term stacking, if necessary because 
of reliability problems, will create air quality and project cost problems. The 
claimed BACT efficiency of the present stacking control for H2S and particulate 
removal (including injected NaOH) needs to be substantiated prior to need, by 
testing under good dispersion. It is likely the sunken location will present some 
unique plume characteristics. The effects of allowing direct infiltration of 
alkaline scrub solution laden with dissolved H2S needs to be evaluated. Especially 
given the fact that acidification of the waste stream will release H2S and such 
might be confused with background or geogenic H2S in the future. It appears 
that little need for the facility is anticipated, but only experience will determine 
this need and a careful update is appropriate. 
The peak values of H2S are commonly five times the hourly average during the 
uncontrolled venting. People smell and commonly respond to peak or short term 
values. The closer the proximity the greater the maximum exposures are likely 
to be, and the worse the already intolerable AAQS of 100 ppbv will be 
considered by those exposed. This issue is especially relevant to Condition #17. 
More careful consideration in light of the complaints received should be given to 
lowering this limit, determining what technology to mitigate is available and 
possibly establishing a shorter term standard. 
The number of reports and notices required per well is quite large and may serve 
to further enlighten as to compliance. They are listed below for further 
reference and should be evaluated as to whether they have been filed and contain 
useful information. It was beyond the scope of this effort to accomplish such a 
task. 
Special Condition 2 
- notification prior to construction 
Special Condition 5 
- siting plan for required air quality and met station(s) 
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- in the event of a one hour average H2S concentration greater than 25 ppb 
(above background) and 100 ppb (including background) 
Hilo Dist. Health Office also notified 
- monthly air quality and met summaries 
- annual electronic file (2 copies) for air quality and met data 
Condition 7 
- 2 days prior to aerated mud drilling 
- 2 days prior to aerated water drilling 
- 2 days prior to well venting 
- 2 days prior to flow testing operations, and 
- 2 days after completion of aerated mud drilling 
- 2 days after completion of aerated water drilling 
- 2 days after completion of well venting 
- 2 days after completion of flow testing operations 
Special Condition 9 
- request to flare excess gas 
- post event flaring report 
Special Condition 13 
- notification if abated H2S rate is 5 lbs/hr or more (flow testing) 
-notification (immediate) of equipment malfunction/failure 
- post event report within 5 days 
Condition 15 
-Daily reports on H2S upstream, NaOH injection rates, and H2S concentration 
and emission rates downstream during flow testing 
Special Condition 17 
- in the event of inadvertent steam releases during well drilling of more than 7 
min/hr or H2S emissions of 5 lbs/hr or more 
Condition 18 
- chemical abatement plan prior to flow testing 
Condition 19 
- upon release of any toxic emissions into the ambient air (as mitigation) 
Special Condition 21 
- diesel usage (by engine and well) at completion of well 
- certification of fuel injection timing adjustment (retard) for three diesel engines 
used for rig no. 2, prior to startup 
Special Condition 22 
- 2 day written in advance of unabated well venting 
- Public notification (newspaper notice) 24 hrs in advance 
- Residents within 3500 ft. notified 24 hrs in advance 
Special Condition 23 
-upon exceeding 100 ppb (one hour average) H2S ambient level 
- post event report within 5 days 
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Condition 26 
- upon well blowout 
- post event report within 5 days 
- weekly report - if a continued blowout 
Special Condition 28 
- H2S hourly average for monitoring data >25 ppb (above background) 
Hilo Dist. Health Office also notified 
Attachment I-7 
- upon completion of construction or installation of any equipment covered by the 
NC 
Normal operations for implementation of the 5 ppb increment needs to be defined 
with certainty. Does this include stacking emissions should the plant have long 
term operational problems? As presently worded, it may encourage venting just 
to keep the limitation from being enforceable. 
Review of the plant and well field components reliability in view of any 
significant changes in resource temperature, chemical characteristic, etc., and the 
likelihood that reliability will be affected should be carried out. 
Drift and trace materials are measured in Lake County even now that they are 
largely controlled and very low, just to alleviate public concern and verify 
emission assumptions and measurements. Such a program should be considered 
for inclusion in Hawaii. Drift needs to be characterized for accidental and 
controlled vents. This includes clean outs, and future stacking relative to possible 
effects on catchments and vegetation. This monitoring would compliment the 
existing H2S program and might also utilize PIXE or Dicot/XRF analysis of 
repairable particulate. 
Meaningful source tests need to be performed and comparative results established 
for BACf decisions as published for stacking mufflers, and other components. 
These appear to be inconsistent with LCAQMD experience and the anticipated 
abatement needs to be tested as soon as practical by properly conducting source 
tests. The gas reinjection system is nearly identical to that used at Coso Hot 
Springs, which did not operate as hoped, and is now on a variance allowing two 
hundred and fifty (250) pounds per hour emissions. 
8.0 Public Members. Comments and Ouestjons Offered 
The most common statement was that this (the accident) must not happen again. 
Clearly the public feels threatened by the event and the potential for 
reoccurrence. The belief that they have been ignored was common near the 
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project area, and across the board all felt that the health effects issue was being 
ignored. Conversations with DOH and the Pahoa Homeowners association 
members lead to the recognized need to investigate and correlate complaints with 
technical dispersion information. This is addressed in Pan II of this repon. An 
attempt has been initiated that should be carried on. The data is unique and can 
add much to our knowledge about air pollution and H2S exposure. 
It was also noted that reponed effects sometimes given in response to a complaint 
and even the effects table for H2S indicates a less severe effect and monal danger 
at higher levels than is more commonly accepted. For example, compare the 
PGV application with the DOH news release of 6/13/91. A fireman compared the 
numbers with a nationally distributed database, and asked if some people were 
more sensitive and what the effects were on infants. Obviously, these are real 
concerns that are only worsened when information conflicts. In reality, it is clear 
no one should be exposed to levels even approaching the higher levels generally 
quoted, and the fact that they will not be needs to be made completely believable. 
The following questions and comments were also commonly expressed. How 
would this matter have faired if it had been on theE or HGPA pad sites? How 
close is too close. At times it is simply easier to just buy propeny or replace 
systems than mitigate against expected accidents! Nuisance easement or purchase 
of homes should be a possibility! Why aren't other toxic components measured? 
The state is just doing what the developer proposes in writing permits! It is 
obvious that public questions and emotions still need to be addressed. 
Working on a common need can help tum the public into a resource instead of an 
adversary, by including them in reacting in a positive manner to an adverse 
situation. The need for community involvement, assurance and empowerment 
will be greater than ever if they are to accept the project as a neighbor. Obvious 
concern exists over future development, and if this could be better quantified it 
might lessen anxiety. The people are a real resource and their energy and 
concern must be directed to positive change. 
Emergency Plan: The stationary air monitoring network can and should be 
used to assist emergency management decision making, but not as the primary 
criteria in the absence of reasonable worse case/location information. 
Some people are convinced that there is a master plan and they have no possibility 
of influencing decisions unless they act irrational. 
Conclusions Air 
1. The plume release characteristics and quantity of H2S were more severe 
than assumed plausible in the existing worst case blowout scenario incorporated 
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into the facility permitting. Impacts were worsened by the nature of the 
uncontrolled release and the directing of the high velocity release plume through 
a pipe and valve setup in a horizontal direction toward the nearby residential 
area. Monitoring of noise and air was extensive. 
2. A high of 29,000 ppbv (29 ppmv) was measured off the development 
property and reported. Additional measurements on the drill pad and 
approximately 500-600 ft downwind of the plume confirm the likelihood of this 
high value which initiated evacuation. Ambient stations recorded several 
excursions above the 100 ppbv level. Some air monitoring stations did not 
completely respond to H2S excursions. 
3. A variety of methods were used to take measurements by several 
different parties. Not all of this data appears to have been compiled to date into 
one report. The higher values were not included in the data provided by DOH. 
4. The existing stationary air monitoring network in place at the time of the 
accident was extensive for H2S. A total of seven (7) Pulse Fluorescence Detector 
(TECO and Monitor Lab) instruments were operational for the detection of H2S 
within a few miles (see map A). Only three meteorological monitoring stations 
were in place. A meteorological monitoring station established by PGV's 
predecessor was operated adjacent to the drill site until6/12/91. However, the 
data was not audited or reported. This is really quite a wealth of exposure effects 
and monitoring information for air agency review. The health survey 
information provided by the public needs to be evaluated extensively, and the 
permit standards considered. 
5. Minor maintenance and quality assurance problems exist at all of the air 
monitoring stations. These problems are more severe for DOH operated stations. 
With the exception of sample line condensation problems at the DOH•CAB 
stations, it is unlikely that the reported values are markedly different or lower 
than actual ambient H2S levels that occurred. The SE station manifold is dirty 
enough and has an oil film that could reduce reported values. The need for zero 
stability and calibration for H2S at low concentrations is great for the desired 
accuracy referenced in A TC permits. 
6. No measurements of ambient drift, trace metal particulate, total 
particulate or gases other than H2S have been made by DOH or PGV. 
7. No source tests to characterize the incident vented steam content of H2S, 
salts, particulate or trace taxies were made. 
8. No attempt to abate air emissions or mitigate noise were made during the 
uncontrolled venting, other than to regain control and stop the venting. A high 
pH mud and water was reported to be used when trying to control the well that 
adds some abatement potential. 
9. Health and nuisance complaints were made at a variety of locations to 
several agencies/parties. These have not yet been compiled into one report or the 
validity of the complaints completely investigated. 
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10. Resource characterizations required by the A TC permit for tested wells 
do not appear to have been completed to date or the data could not be provided 
this investigative team. The actual level and quantity of H2S and other emissions 
can only be estimated. 
11. No quality audits of the SAIC stations by DOH have been performed or 
are planned. SAIC is under contract to PGV/OEIS not DOH. 
12. No formal sharing of quality assurance or audit functions by the three 
entities performing air monitoring occurs. 
13. A distrust exists between the various effected parties and government. 
The term at "war" was used. All parties need to get together to facilitate good 
management when an undesirable circumstance occurs. No one wanted, or 
should be willing to accept this accident as a continuing type of occurance, or 
desire to avoid remedying. This circumstance, in this investigators opinion, is a 
result of a lack or perceived lack of any major role played by DOH in resolving 
complaints, ensuring abatement and performing verification of permit 
compliance. The perception is not equitable to DOH and needs to be corrected. 
The permits also are in need of improvement. PGV operates and responds to 
most complaints in a process that would generally be considered somewhat 
intimidating. In short, some of the public doubt DOH is looking after their best 
interest when issuing or enforcing permits, and are concerned about bad politics, 
the unknown and additional perceived problems at the facility. The uncontrolled 
venting has heightened this concern and anxiety. 
14. Any distrust of the public and policy makers will increase as the public 
learns the one hour 100 ppbv limit is unacceptable and that their complaints have 
commonly resulted at levels far below the value. 
15. The close proximity of many residents heightens the potential for a high 
exposure occurring and going unmeasured. It is unlikely a warning can be 
provided for a massive and sudden release unless they are incorporated into the 
drilling program warning system directly. 
16. Peak levels of H2S were commonly four to eight fold that of hourly 
averages measured (reported on clock hours). 
17. Telephone modem access exist at SAIC operated stations, but is not 
utilized by DOH. Modem access to DOH stations is not in place, but could 
reasonably be added. DOH stations should use the CAB data logger with modem. 
18. Source tests and characterization need to be completed promptly, 
including for such items as HCL and other corrosive materials. 
19. The cellars are dangerous to the workers, and could add difficulty to any 
repair necessary. The need for them for volcanic lava flows should be carefully 
considered against risks. Someone is going to get hurt if an H2S head gas leaks 
through a valve, or they are in the cellar when an unintentional steam release 
occurs. 
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Conclusions Noise 
1. During the uncontrolled venting, noise levels clearly exceeded GRP 
permit limits by 25 to 35 dBA. Numerous spot measurements were made by a 
consultant and demonstrated the widespread noise exceeds. Similarly PGV staff 
surveyed the area and reported similar results. Compliance was quickly re-
established after controlling the vent. 
2. PGV has three permanent and one mobile continuous noise monitoring 
station, one hand held unit used by PGV staff for complaint evaluation and one 
that is reportedly loaned to the public. The equipment is modern (Quest Model 
2700 or 2800), and reasonably deployable to determine compliance with the GRP 
condition #21. The single ended open pipe microphone housing utilized is 
intended to be somewhat directional and provide protection from the elements; 
however, it can also be expected to exaggerate the effect of the rain, wind, and 
insects if they enter or fall on the steel chamber. It also excludes to some degree 
non project noise. 
3. The limit incorporated into the GRP is cumbersome and could even be 
considered misleading. The levels allowed at night are known to interfere with 
sleep and daytime levels can interfere with speech. The permit condition uses 
uncustomary verbiage, and it would be difficult to establish compliance or 
violations with presently reported data. 
4. The project noise is often the dominant noise in the area, though rain, 
wind, insects, and residential neighborhood noises dominate and/or contribute 
significantly to the noise levels measured at times. 
5. Considerable SAIC/PGV staff effort is expended on the noise monitoring 
program, which is designed to isolate project contribution at times of complaints 
or exceeds. A complaint line and protocol of operation exists that would be 
intimidating to anyone whom is not an aggressive person or pushed to the point 
of being angry. It appears SAIC/PGV procedures do not measure LIO's as 
required by the permit, and if automated measurement of such is not possible 
with the Quests monitors needs to be resolved. 
6. DOH and Hawaii County has available a hand held B&K, but their 
involvement in evaluations of compliance or responding to complaints appears to 
be inconsistent. DOH's involvement is limited since the state ordinance applies 
only on the island of Oahu. Hawaii County responds to the complaints as 
required in the issued GRP. 
7. Hand held monitors are unlikely to be able to easily determine 
compliance or a lack of such unless the maximums are exceeded, or part A of 
GRP Condition #24 is applicable in the absence of impact noises. 
8. The direct drive drilling rigs are not normally considered BACf in Lake 
County, however the extent of noise mitigation is impressive to the point of 
perhaps qualifying as BACf. Unfortunately, the extent the rig must be enclosed 
to achieve noise goals must be evaluated from a drilling staff safety perspective. 
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FIGURE 1 
FUNCTIONS OF AN AIR QUALITY MANAGEMENT DISTRICT 
The Lake County Air Quality Management District and other air districts in the state are charged 
with maintaining an effective air pollution control program to protect public health and welfare and 
thus ensure the enjoyment of the physical environment in which we live. Such a program must 
incorporate a method to attain and maintain air quality standards, abate public nuisance and health 
hazards present in the ambient air, and be responsive to nuisance complaints from citizenry. 
Minimum ambient air quality standards are set by the federal and state governments, and 
implementation plans have been enacted in all districts (generally consisting of rules and 
regulations) to attain and maintain air quality within these standards. 
For even the most simplistic air quality control program there are several essential components. 
These include: 
I. Establish a goal (ambient air quality standard); 
2. Monitoring of the air (decide if the goal has been reached); 
3. Determine the source of air polLtants (emission inventory); 
4. Develop a control strategy (adopt rules and regulations); 
5. Enforce control strategy (ensure compliance with adopted rules and regulations). 
These activities are not independant of each other but are links in a chain; when one is nonexistant 
an effective control program will not exist. The ambient air quality standard is the most crucial 
parameter and determines the need for the other components. These components are presented 
graphically below. 
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MICROMETEOROLOGICAL AEROMETRIC AND HEALTH EFFECTS ANALYSIS 
CONTRIBUTION TO THE 
INDEPENDENT AIR AND NOISE MONITORING PROGRAM REVIEW 
CONCERNING THE JUNE 12, 13 AND 14, 1991 UNCONTROLLED VENTING 
OF THE PUNA GEOTHERMAL VENTURES KSS GEOTHERMAL WELL 
ES 1.0 EXECUTIVE SUMMARY Q.E FINDINGS AND RECOMMENDATIONS 
A micrometeorological aerometric analysis has been conducted on the uncontrolled 
Puna Geothermal Ventures (PGV) injection well uncontrolled venting starting at 
2319 hrs on June 12, 1991 and ending at 1200 hrs on June 14, 1991. The 
purpose of this study is to provide independent verification of monitoring and spot 
measurements of ambient concentrations of hydrogen sulfide (H2S) as well as 
provide estimates of plume concentration and plume transport paths in areas where 
documented health effects occurred. 
ES 2.0 SUMMARY Q.E FINDINGS 
o Independent estimates of hydrogen sulfide (H2S) ambient concentrations 
were shown to be in substantial agreement with local monitoring station and 
mobile spot measurements throughout the venting period. 
o Local H2S concentrations were elevated above health significance levels and 
correlated with health complaints. 
o Regional H2S transport of the KSS venting plume cloud was documented by 
visual sighting, by regional and local wind assessments, and by the chronol-
ogy and position of health complaints beyond 10 miles ( 16 km). 
o Estimates of the emissions of other air toxics and estimates of the impacts 
are shown to be of significant health concern. 
o The permittee is in apparent violation of permit requirements for H2S emis-
sion limits, for H2S air quality impacts, for exceeding noise limits in duration 
and in magnitude, has not utilized the Best Available Control Technologies 
and has not utilized equipment described in the Authority to Construct. 
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ES 3.0 SUMMARY Q.E RECOMMENDATIONS 
It is recommended that PGV pay for any additional expense involved in implement-
ing the following measures: 
1 . Emissions limits for H2S be enforced by DOH personnel. 
2. A Puna Air Monitoring Program (PAMP) be formed and managed by DOH 
with participation by the developer, the local agencies, State agencies, local 
concerned organizations and local concerned residents. An Operational 
Management of Air Resources (OMAR) type system be established to link all 
PAMP stations to a central computer to which an emergency response 
system is linked. The central computer should archive monitoring data and 
allow near real-time access to data for air management activities by the 
developer, by responsible agencies and by local community groups. 
3. Modify station positions and install additional meteorological monitoring 
equipment and sites to further study the geothermal air pollution meteorolo-
gy of the location and zone of impact. 
4. The PAMP committee manage local and regional air transport special studies. 
5. The PAMP committee should quality assure monitoring data, document all 
quality assurance procedures and publish sufficient volumes of the monitor-
ing documents and special studies so that developers, engineers and envi-
ronmental scientists have access to the documents. 
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1 .0 INTRODUCTION 
A micrometeorological aerometric analysis has been conducted on the Puna Geo-
thermal Ventures (PGV) injection well uncontrolled venting starting at 231 9 hrs on 
June 12, 1991 and ending at 1200 hrs on June 14, 1991. The purpose of this 
study is to provide independent verification of monitoring and spot measurements 
of ambient concentrations of hydrogen sulfide ·(H2S) and other air toxics as well as 
provide estimates of plume concentration and plume transport paths in areas where 
documented health effects occurred. 
The uncontrolled venting incident at the KS8 well released an estimated 200,000 
lb/hr (95,300 kg/hr) of steam and brine containing 180 lb/hr (8 1. 7 kg/hr) of H2S in 
a complex plume cloud which was estimated to have emissions extending from 
ground level to a height of 65ft (19.8 m). An estimate of the emissions of air 
toxics is contained in Table 1-1. The estimates in Table 1-1 are based upon wells 
KS-3 and KS- 1 A recent well chemistry and on Table 4-4 of the March 1 989 PGV 
Authority to Construct. 
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TABLE 1-1 
ESTIMATED EMISSIONS OF AIR TOXICS 
RELEASED DURING THE KS8 UNCONTROLLED VENTING 
Page 4 
Estimates based upon a steam flow rate of 210,000 lb/hr using geochemical data 
from KS-3, KS-1 A and Authority to Construct. 
Comoonent 
Hydrogen sulfide 
Lead 
Nickel 
Chromium 
Manganese 
Copper 
Zinc 
Arsenic 
Mercury 
Silicon Oxide 
Total Dissolved Solids 
Note: 
Emission fuilil. 
lb/hr kg/hr 
180 
13.6 
1.80 
1.44 
2.36 
0.326 
0.384 
0.008 
0.001 
30.0 
700 
81.7 
6.16 
0.817 
0.654 
1.07 
0.148 
0.174 
0.004 
0.0005 
13.6 
318 
Estimated worst case 100% flash; 
Table 4-4, page 4-10, March 1989 AtC 
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2.0 STUDY METHODOLOGY 
The methodology of the micrometeorological aerometric analysis utilizes the 
Micrometeorological Air Dispersion Assessment Methodology (MADAM) which 
follows guidelines established by regulatory agencies for air quality impact analysis 
(Appendix A). 
Information characterizing the KS8 emissions and the initial plume rise were ob-
tained from Robert L. Reynolds' on-site assessment, the PGV emission estimates, 
and from photographs and videos of the well emissions. Meteorological data from 
the Southwest, Alvarez and Wade monitoring sites were used to estimate the initial 
wind speed, wind direction, standard deviation of wind direction (sigma), air tem-
perature, relative humidity and precipitation. 
The distribution of atmospheric pollutants from their sources to the receptor areas, 
and their paths of travel and concentration, are dependent upon the wind flow 
regime and upon the pollutants' vertical and horizontal dispersion. The dispersion 
of atmospheric pollutants both vertically and horizontally is dependent upon the 
state of atmospheric stability: 
o unstable atmospheric conditions [temperature decreasing with height at a 
rate greater than the adiabatic lapse rate of 5.4 °F/1 ,000 feet ( 1 °C/1 00 
meters)) greatly enhance dispersion; 
o stable atmospheric conditions [temperature decreasing with height at a rate 
less than the adiabatic lapse rate) greatly diminish dispersion. 
Unstable conditions prevail during the afternoon periods, while stable conditions 
occur at night and in the early morning hours. Stable conditions aloft, called 
temperature inversions, tend to cap upward dispersion of pollutants. 
The estimation of air quality impacts follows procedures recommended by the 
Environmental Protection Agency (EPA) (Goddard, 1986 and 1987). Errors are 
estimated and presented as ± values which indicate that there is a 68% probability 
that values will lie within these limits. Atmospheric Stability Classifications A 
through F are used where A is extremely unstable, D is neutral and F is moderately 
stable. 
Hydrogen sulfide is considered the most critical air pollutant contained in the 
geothermal resource emissions. Other gaseous and small particulate pollutants 
discussed will disperse similarly and will be compared to the estimates made for 
hydrogen sulfide (H2S). The air quality impact analysis estimates are compared to the monitoring data from the Southeast, Southwest, Wade, Alvarez and Irvine 
stations, and to spot measurements taken throughout the event period. 
The uncertainty in each estimated plume isopleth concentration is proportional to 
the concentration and will average 50%. This is the nature of turbulent transport. 
Tables of estimated concentrations contain uncertainty estimates. 
The health effects of the toxic pollutant emissions are discussed in Section 4 and 
compared to referenced literature. The results of complaint surveys and the type 
of health effect are discussed. Many groups and individuals assisted on circulating, 
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collating and compiling the health survey information. 
The hydrogen sulfide air quality impacts are discussed in terms of the U.S. Occupa-
tional Safety and Health Agency (OSHA) 10 ppm worker Permissible Exposure Limit· 
(PEL) (Threshold Limit Value), the 15 ppm Short Term Exposure Limit (SPEL) (1 0 
minutes per 8 hour) and the 50 ppm Ceiling Limit. In the absence of a State of 
Hawaii H2S Ambient Air Quality Standard (AAQS), the H2S OSHA standard of 10 
ppm is divided by 4.2 (168 hour per week exposure I 40 hour worker week) times 
100 (accounts for documented adverse health effects at the PEL (TLV) OSHA 
standard thus requiring additional protection for those which are more sensitive 
such as children and older persons) = 420. This equates for H2S to 10 ppm I 420 
= 24 ppb (34 uglm3) suggested health safety limit for the general public. 
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3.0 AIR QUALITY IMPACT ANALYSIS 
The H2S measurements made at the monitoring stations and spot measurements 
made by personnel during the event were compared to air quality impact estimates. 
Meteorological data from the Wade Station, the Southwest PGV station and the 
Alvarez station were used in determining the local micrometeorological conditions. 
Winds along the coast were obtained from the National Weather Service station at 
the U.S. Coast Guard Reservation at Cape Kumukahi. The estimates of emissions 
listed in Table 1-1 were used in the impact analysis. 
3.1 METEOROLOGICAL CONDITIONS DURING THE EVENT 
During the first hour of the event which started at 2319 hrs on June 12, 1991, the 
winds were from the north-northwest, 330 deg at 6.25 mph (2. 79 mps) at the SW 
station (ending time of 0000 hrs). The wind speed remained fairly uniform with a 
low of 4. 73 mph (2.11 mps) at 0400 hrs on June 13, 1991. Wind directions 
remained out of the northwest sector until 1000 hrs when the trade wind influence 
shifted the direction into the north-northeast sector. 
The trade wind influence continued throughout the afternoon and evening with 
increasing wind speed peaking at 13.4 mph (5.96 mps) at the hour ending at 1300 
hrs. Evening winds decreased in speed with a return of north-northwest winds 
briefly occurring at the hour ending at 2300 hrs. At that time at the SW station 
the winds were from 350 deg at 5.49 mph (2.45 mps). Low wind speeds persist-
ed throughout the early morning hours of June 14, 1991 with a low of 3.88 mph 
(1. 79 mps) again from the north-northeast sector. 
Data on coastal winds was obtained from the U.S. Coast Guard Reservation at 
Cape Kumukahi, 6 miles ( 10 km) to the northeast of the event. Along the coast, 
the winds were from the north-northwest during the first seven hours of the event 
at 12 mph ( 1 0 knots). At 0700 hrs, the coastal winds became northerly increasing 
to 16 mph ( 14 knots) through the day and decreasing at night to a minimum of 9 
mph (8 knots) by midnight. 
Ambient temperature at the beginning of the event was 66 deg F (19 deg C) and 
the relative humidity was 88%. Dew or mist deposition occurred periodically at 
0.25 mm (0.01 in) per hour. A drizzle occurred between 2200 hrs and 2300 hrs 
on June 13, 1991 which resulted in 2.57 mm (0.10 in) peaking between 0100 and 
0200 hrs on June 14, 1991 at 11 mm (0.43 in) of precipitation. From 0200 hrs 
onward, no further dew or drizzle was indicated in the monitoring records. 
All stations were used in the local and regional transport analysis. The Wade, 
Alvarez and SW stations' wind speed, wind direction and sigma were used. The 
SW station was used for initial local plume dispersion assessments since it was the 
closest station to the release site. The rolling and pocketed nature of the site and 
the prominence and proximity of craters and volcanic cones result in wind flow 
(orographic) differences between stations in both wind speed and direction. 
Each local estimate of impact used the extremes in wind direction and sigma, and 
is shown as a range on the impact figures. The standard deviation of the horizon-
tal wind direction (sigma) was used to estimate the outer bounds of plume move-
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ment. One half of the sigma was added to the outer boundaries of direction which 
indicates a 68% probability that the plume centerline will be confined within these 
boundaries. 
Each station exhibited high sigma values which are attributed to the gustiness and 
meandering nature of the wind flow. The high humidity and presence of dew and 
drizzle are indicative of micrometeorological conditions at night that are slightly 
stable, Pasquil Stability Class E. During the day the conditions were estimated to 
be slightly unstable, Pasquil Stability Class C. Neutral conditions, Pasquil Stability 
Class D, were estimated to occur in the morning and in the early evening. 
The meteorological conditions during the event were not "worst case" poor air 
dispersion. Using Figure 3-1, the frequency of annual nighttime wind directions, 
the conditions would be expected to occur about 3 to 4% of the time. The highest 
directional occurrence at night is winds from the west sector. During the daytime 
hours, Figure 3-2 indicates that the conditions would occur 3% of the time except 
for the period when the trade conditions prevailed which is the highest occurrence 
event with a frequency of over 6%. Wind speeds could have been very low or 
calm which would have increased proportionally the severity of the impacts. 
3.2 LOCAL AIR QUALITY IMPACT ASSESSMENT 
The results of the comparison for near-site air quality impacts are shown in Figures 
3-3 through 3-1 6. The outer plume lines denote the plume transport direction plus 
half the wind direction standard deviation (sigma). The outer plume lines indicate 
where meanders of plume direction may stray at the 68% probability level. The 
estimated isopleths of H2S concentration are shown on the figures for 500 ppbv, 
100 ppbv, 50 ppbv and 25 ppbv. Each isopleth extends 1.0 mile (1.6 km) from 
the source. 
The square brackets, [25 ppb) for example, indicate a monitoring site or a mobile 
measurement. The isopleth values are shown with the units below the number. 
The isopleths are based upon hourly averages since this more nearly conforms to 
ambient air quality standards. The estimated plume centerline concentrations are 
indicated by arrows. The nature of turbulent air transport gives rise to plume 
meanders and looping. The outer bounds of the estimated plume position indicate 
where the plume may stray. Within the indicated delineated boundary, the iso-
pleths of concentration can and will move throughout the area with the upwind 
source area fixed. 
The relationship of estimated plume position and estimated plume ground level H2S 
concentration are in agreement with the monitoring stations and the spot meas-
urements. The relative width of the plume out to the 25 ppbv isopleth is narrow 
enough that it is usual that during emergency events many fixed or mobile monitor-
ing sites miss the event or underestimate the impacts. 
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FIGURE 3-8 PGV KSB WELL VENTING 1000 TO 1100 HOURS 
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FIGURE 3-9 PGV KSS WELL VENTING 1300 TO 1400 HOURS 
JUNE 13, 1991 LOCAL IMPACT 
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FIGURE 3-10 PGV KSB WELL VENTING 1600 TO 1700 HOURS 
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FIGURE 3-11 PGV KSB WELL VENTING 1900 TO 2000 HOURS 
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FIGURE 3-12 PGV KSS WELL VENTING 2200 TO 2300 HOURS 
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FIGURE 3-13 PGV KSS WELL VENTING 0100 TO 0230 HOURS 
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FIGURE 3-15 PGV KS8 WELL VENTING 1000 TO 1200 HOURS 
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3.2.1 l,.Qgtllmpact Assessments 
The first complete comparison of measured spot readings and station monitoring 
began at 0100 hrs and is shown in Figure 3-3. From the 2319 hour event to 0200 
hrs, no stationary monitoring site indicated an elevated reading. The out-of-plume 
influence area is clearly shown by the number of bracketed [0 ppb] points. The 
distance between the parts per million plume centerline and the outer isopleth value 
of 25 ppb is spanned in a few hundred feet. The values, such as the [280 ppb]. 
[160 ppbl and [63 ppb] values, are all in agreement with the plume estimates. The 
[63 ppb] value which is outside of the plume positions perimeter is within the 
plume estimate if the plume centerline is moved to the outer estimated plume posi-
tion boundary limit. The homes of impacted families are shown in the figures as 
squares. 
The comparison between estimated and measured values of H2S are in substantial 
agreement for the ending times of 0400 hrs and 0500 hrs. At 0600 hrs, PGV 
increased venting horizontally at 254 deg. This is shown in Figure 3-6 as the line 
from the KS8 well site that widens the plume boundary to the west-southwest an 
estimated 1,200 ft. The effect of the horizontal venting is clearly indicated by the 
widening width of the area of high measured H2S concentrations. 
Wind speed and atmospheric stability change the shape of the estimated plume 
concentrations. During daytime, as shown in Figure 3-8, dispersion lessens the 
distance at which high concentrations occur when compared to nighttime condi-
tions such as Figure 3-4. At 1100 hours, as shown in Figure 3-8, the wind direc-
tion shifted the plume toward the Leilani Estates. The increased impact to the 
Estate continued through Figures 3-9, 3-10 and 3-11. At 2300 hours, the winds 
shifted the plume away from the Estates in a more southeasterly direction as 
shown in Figure 3-12. 
From 0200 hours on June 14, 1991, shown in Figure 3-13, and 0500 hours shown 
in Figure 3-14, the transport is in a southeasterly direction. At 1200 hours, shown 
in Figure 3-15, the plume transport again impacts the edge of the Leilani Estate. 
3.2.2 Regional Impact Assessment 
The saturated steam-and-brine plume was seen at a considerable distance many 
miles away in part due to the saturated state of the atmosphere which did not 
evaporate the plume aerosols. In cooperation with the Kapoho Community Associ-
ation and other concerned groups, health complaint reports were collected and 
analyzed for their chronological and positional information. 
Appendix B contains a breakdown of the communities with health complaint re-
ports, the number of complaints and reported symptoms, and a chronological and 
positional complaint-related assessment of the plume transport. This information is 
discussed further in Section 4 where the event impacts are related to referenced 
health effect symptoms. 
The compiled health complaint data, in terms of numbers of complaints, is shown 
in the regional transport Figure 3-1 6. Four visual sightings are documented in the 
complaint files and these position the plume cloud in the areas shown in the figure 
by the bracketed word {Visual}. The plume was seen 2 miles (3 km) to northeast, 
5 miles (8 km) to the southeast by fishermen who avoided penetrating the cloud by 
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staying at sea, 4 miles (6 km) to the southwest when the plume cloud came ashore 
with the on-shore up-slope morning winds, and 5 miles (8 km) to the northwest 
where up-slope winds transported the plume cloud into Hawaiian Acres. 
The plume transport estimates shown by the arrows on Figure 3-16 are based upon 
the site meteorological data, the Cape Kumukahi shore meteorological data, and the 
micrometeorology of local down-slope (katabatic) and up-slope (anabatic) winds 
analysis. The plume cloud over the two day venting period moved toward the sea 
during nighttime hours and then was transported inland during the morning hours. 
Later in the day, the trades again transported the plume seaward. The circular 
diurnal motion transported the noxious gases, aerosols and particulates over a 
considerable area as shown in Figure 3-16. The health complaints data chronologi-
cal and positional data support the transport path estimate shown in Figure 3-16 
and as shown in the transport map in Appendix B. 
Using the low wind speeds which occurred at 0200 and 0500 hours on June 14, 
1991, a capping ground based temperature inversion at 328ft (100m) and the 
3.88 mph (1. 73 mps) measured wind speed, results in the estimated H2S air quali-
ty impact, above ambient, listed in Table 3-1 . 
The ramifications of the health related H2S effects of such exposures as listed in 
Table 3-1 are discussed in Section 4. The values in Table 3-1 are hourly averages. 
Three to ten minute peaks would be expected to be 1.6 times higher. For example, 
at 1 0 miles the peak level, at a 68% confidence level (mean plus 1 standard devia-
tion) is (58.5 ppb + 23.4 ppb) x 1.6 = 131 ppb (183 ug/m3) H2S concentration 
above ambient. Impacts for other air toxics listed in Table 1-1, are directly propor-
tional to their respective emissions rates. 
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TABLE 3-1 
KS8 VENTING HIGHEST HOURLY AIR QUALITY IMPACT SUMMARY 
General Inversion Dispersion Estimate For Slightly Stable 
Pasquil Class E, ground based capping temperature inversion at 
Page 27 
328 ft (1OOm). wind speed 3.88 mph ( 1. 73 mps) which occurred on 
June 14, 1991 at 0200 hrs and 0500 hrs. 
Receptor Down Wind CONCENTRATION ABOVE AMBIENT 
along transport path ugjm3 ± ppbv ± 
miles kilometers 
1.0 1.6 734.9 256.1 528.7 184.2 
2.0 3.2 289.5 100.4 206.8 71.7 
3.0 4.8 201.9 80.8 143.7 57.5 
4.0 6.5 162.4 65.0 114.4 45.8 
5.0 8.1 137.2 54.9 96.6 38.7 
6.0 9.7 119.5 47.8 84.8 33.9 
7.0 11 106.4 42.6 75.7 30.3 
8.0 13 96.2 38.5 68.7 27.5 
9.0 15 88.0 35.2 63.1 25.2 
10 16 81.2 32.5 58.5 23.4 
Note: 
Conversion from ugjm3 corrected for temperature and elevation; 
The ± uncertainty denotes a 68% probability confidence level; 
Values estimated at the plume centerline at 5 ft (1.5 m) height. 
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4.0 PUBLIC HEALTH EFFECTS 
The environmental health effects of air pollutants are determined by the concentra-
tion to which the individual is exposed, individual susceptibility, the mixture of 
compounds and the duration of exposure. 
o Concentration. The health effects of various concentrations of air pollutants 
are summarized in Tables 4-1 and 4-3. A more detailed discussion is given 
in Goddard ( 1984). 
o Individual Susceptibility. Different age groups within the general population 
are more susceptible than others to the effects of the various emissions. 
Those with enhanced sensitivity to hydrogen sulfide poisoning include 
individuals with eye or respiratory tract problems, or anemia, those who 
have consumed alcohol within 24 hours of exposure, those who have 
psychiatric problems, infants, and those who have been previously exposed 
to hydrogen sulfide (IIEQ, 1974). The evidence of "enhanced sensitivity" is 
not conclusive. 
The level and frequency of odor which would annoy individuals varies, and it is 
frequently not only the concentration level but also the change in concentration 
which arouses public intolerance (Leonardos !U llJ..., 1969). Layton !U llJ... ( 1981) 
conclude that an ambient level of 0.03 ppm, hourly average, -- six times higher 
than the median instantaneous threshold value -- would result in odor nuisance 
problems, partly because elevated excursions (10 to 15 minutes) during an hour 
could be particularly annoying. 
o The mixture of pollutants. The environmental effects of air pollutants listed 
in Table 4-1 are for individual pollutants. However, they may be synergistic 
or antagonistic as well as independent (Kestin !U llJ..., 1980). 
o The effect of duration of exposure is related to the other three factors - the 
concentration, the individual susceptibility and the mixture of pollutants. 
The national and state air quality standards are established to reduce or prevent 
these effects. These standards are based on epidemiological and toxicological 
studies and assume the existence of threshold levels of concentration below which 
there are no adverse effects on the general population. The difference between the 
air quality standard and the threshold level may be defined as a "margin of safety". 
The larger the margin of safety, the greater the fraction of the population protected 
by the air quality standard (Case !U llJ..., 1977). 
Concentrations of hydrogen sulfide below the suggested value of 24 ppb discussed 
in Section 2 may still constitute a "public nuisance• defined by various Civil Codes: 
"one which affects, at the same time an entire community, or neighborhood 
or a considerable number of persons, although the extent of the annoyance 
or damage inflicted on individuals may be unequal". 
The health effects of air pollutants often found in geothermal resources and devel-
opments are listed in Table 4-1. Occupational Health and Safety Administration · 
(OSHA) health standards are given in Table 4-2 and are designed to protect the 
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working population. The health effects of hydrogen sulfide are listed with refer-
ences in Table 4-3. The OSHA standards are for a work force and since this 
excludes the most susceptible portion of the population, these standards when 
applied to the general population are reduced. The California Department of Health 
Services (CDHS) interprets Proposition 65 air-borne toxic trigger points concentra-
tions as being 1% to 0.1% of the OSHA TLV values. This is to ensure protection 
of sensitive individuals which include the young, old and infirm. Recent Air Toxics 
legislation implementation has been interpreted by CDHS as using the OSHA values 
divided by 420, as described previously, when applied to the general public 
(CARB/CDHS 1990). 
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TABLE 4-1 
HEALTH EFFECTS OF AIR POLLUTANTS FROM GEOTHERMAL DEVELOPMENT 
Ammonia (NH ). Odor threshold: 5.2 ppm (Amoore .!U .a.!,_, 1983). Eye irritation: 5 
ppm (NIOSH, ~ 9741. 72 ppm (Industrial Bio-Test Labs, 1973). Inhalation irritation: 
20 ppm (EPA, 1977). Nasal irritation: 32 ppm; chest irritation: 134 ppm (Industrial 
Bio-Test Labs, 1973). Increased morbidity and mortality: 70-105 ppm (Bittersohl, 
1971). Pulmonary edema: 1,700-4,500 mg/m3 . Low levels: no permanent adverse 
health effects (EPA, 1977). Leaf damage in sensitive plants: 3-12 ppm for 4 hours 
(Benedict .!U .2!.... 1955). 
Ammonium Bisulfide (NH4 HS). Penetrates the skin more rapidly than hydrogen 
sulfide. Since it is an inherently unstable solid, it readily dissociates back to hydro-
gen sulfide and ammonia gases. 
Ammonium Sulfate (NH4 )2 504 . Toxic to plants (Malloch .!U i!.L_, 1979; Sharp, 1976). 
Arsenic (As). All forms of arsenic are toxic at various levels; some are potentially 
carcinogenic (Lee and Fraumeni, 1969; Tseng~ .2L,, 1968; Lander, 1975; NIOSH, 
1975). Arsenic compounds are known to be corrosive to skin and are identified as 
a carcinogen. Brief contact has no effect, but prolonged contact can cause skin 
irritation, with mucous membranes the more sensitive to irritation (CAL/OSHA, 
1983). Fluids containing arsenic levels of 5 mg/1 (ppm) are considered toxic by the 
State of California (Department of Health Services, 1984). Odor threshold: 0.50 
ppm (Amoore ~ .2L,, 1983). The fatal dose is 70-180 mg/m3 • 
Boron(B). Data related to humans are limited. Several forms of boron are irritants 
to skin and mucous membranes. Ingestion of 15-20 gm of borax caused acute 
poisoning. Boron particulate fallout damages plants (Malloch~ i!.L_, 1979; Sharp, 
1976). Exact levels are not given but, for comparison, irrigation water with 10-
100 ppm boron content is toxic to plants (Eaton, 1935). 
Carbon Dioxide (C02 ). 2% in air can stimulate human respiration. Not considered hazardous when adequate oxygen present (Gennis, 1978). Odor threshold: 74,000 
ppm (Amoore ~ .2!.... 1983). 
Chlorides. Not expected to produce adverse health effects (OXY, 1981 ). 
Ethane (CH..3CH3 ). A simple asphyxiant. No hazard known in well-ventilated envi-ronments (l:ienms, 1978). Odor threshold: 120,000 ppm (Amoore ~.a.!,_, 1983). 
Hydrogen (H2). A simple asphyxiant. No hazard known in well-ventilated environ-
ments (Genn1s, 1978). 
Hydrogen Sulfide (H2SI. Odor threshold: 0.0081 (Amoore ~.a.!,_, 1983). Increased 
neurasthenic effects (fatigue, dizziness, nausea) with long term exposure: above 
0.1 ppm. Eye irritation threshold: 10 ppm. Inhalation irritation threshold: 50-1 00 
ppm. Sense of smell stops: 150 ppm. Fatal: 700 ppm. Damage to sensitive 
plants: more than 0.30 ppm (Thompson, 1976); 40 ppm for five hours (McCallan 
ru: .a.!,_, 1936). 
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TABLE 4-1 (Continued) 
HEALTH EFFECTS OF AIR POLLUTANTS FROM GEOTHERMAL DEVELOPMENT 
Merc~ry (Hg). The human lung absorbs 75-85% at concentrations of 50-350 
mg/m , almost completely at lower concentrations (Kudsk, 1966). Inhalation 
produces many adverse effects. Mercury may also be absorbed through the skin or 
by ingestion. Elimination is slow, resulting in long-term effects which are only 
partially reversible. Children appear to be especially susceptible (Britt~ .21.. 1976). 
Methylmercury (CH Hg + ), the most toxic form, may cause growth deformities 
(Walton ~ .21.. 1978f. Inhalation of 1 00 pg!m3 can cause chronic mercury poison-
ing, of 1,200-8,500 pg/m 3 can cause acute poisoning. Occupational exposure to 
10-30 pg!m 3 of elemental mercury may cause slight anemia, hypothyroidism and 
increased excitability. Prolonged exposure may cause neurologic disorders (Walton 
~ .21.. 1978). Mercury is toxic to plants at levels in the parts per billion range over 
several days (Jacobson~ .21.. 1970). Over 10 ppm dry weight in plant tissue is 
toxic. 
Methane (CH4). Odorless. Not known to induce ill effects even at high concentra-tions in ambient air. 
Nitrogen (N2 ). No known hazard from its increased presence in ambient air. 
Radon-222 (222Rn). Adverse health effects, including lung cancer, may result from 
inhalation of Radon-222 and its short-lived, alpha-particle emitting daughters (BEIR, 
1972). There is at present no known level of exposure to radiation below which 
no biological damage occurs (Kestin ~ .21.. 1980). 
Sulfur Dioxide (S02 ). Annual concentrations of 0.05 ppm (130 pg/m 3 ) led to in-
creased frequency of respiratory illness. The threshold for increased chronic 
bronchitis in adults and increased acute lower respiratory disease in children is 95-
200 pg/m3 (EPA, 1974; 1975). Hospital admissions with respiratory illness in-
creased when 24 hour sulfur dioxide concentrations were 0.12-0.19 ppm (Finklea, 
1973). Odor threshold: 1.1 ppm (Amoore ~ .21.. 1983). Irritation threshold: more 
than 3 ppm (Case ~ .21.. 1977). 1-1 0 ppm (2, 600-26,000 pg/m3 ) increased airway 
resistance in humans and other animals. More than 400 ppm caused death. 0.3 
ppm for 8 hours is toxic to plants (Gauch~ .21.. 1954). 
Sulfates. Taste/odor threshold: 700 pg/m 3 • Irritation Threshold: 350-2,000 
pg/m3 • 10-3,000 pg/m3 can cause illness (Case~ .21.. 1977; Layton~ .21., 1981). 
Brief exposure to 700-5,000 pg/m3 sulfuric acid mist (H 2SO 4J resulted in increased 
airway resistance. 
Susoended Particulate Matter. The health effects of suspended particulate matter 
depend on the particle size and chemical composition. "No effects" threshold: 100 
pg!m3 (Case ~ .21.. 1977). Morbidity threshold: 300-375 pg/m 3 (DHEW, 1970). 
Mortality threshold: 200-750 pg!m3 • Particles larger than 0.5-2 pm diameter are 
usually trapped in the upper respiratory system and cleared in a few minutes. 
Smaller particles may remain in the body for months or years (Case ~ .21.. 1977). 
GODDARD & GODDARD ENGINEERING - ENVIRONMENTAL STUDIES Page 32 
TABLE 4-2 
OSHA OCCUPATIONAL STANDARDS FOR AIRBORNE CONTAMINANTS 
EXCURSION EXCURSION CEILING MAXIMUM 
SUBSTANCE PEL 
(1) 
ppm 
LIMIT DURATION LIMIT CONCENTRATION 
(2) (3) (4) (5) 
mg/m3 ppm 
AMMONIA 
ARSENIC and 
inorganic 
arsenic compounds 
ARSENIC, organic 
compounds, as As 
ARSINE 
BENZENE 
25 18 
0.01 
0.2 
0.05 0.2 
10 30 
BORON OXIDE 10 
BORATES 
Anhydrous and 
pentahydrate 1 
decahydrate 5 
CARBON DIOXIDE 5,000 9,000 
25 8 hrs/ 
10 min 
ETHANE (limiting factor is available oxygen) 
HYDROGEN SULFIDE 10 
MERCURY 
15 20 8 hrs/ 
10 min 
alkyls as Hg 0.001 0.01 
all forms except 
alkyls as Hg vapor - 0.05 
aryl and inorganic 
compounds 0.1 
DUST 
SULPHUR DIOXIDE 
RADON-222(1) 
SOURCE: Summarized 
10 (5 Respirable) 
5 13 
3,000 pCi/m3 (3.0 pCi/1) 
10o,ooo pci;m3 (100 pCi/1) 
from OSHA Publication 5155 
50 ppm 
37.5 ppm 
.03 mgfm3 
0.6 mg/m3 
0.15 ppm 
20 mgfm3 
3 mg/m3 
10 mgfm3 
7,500 ppm 
50 ppm 
0.04 mg/m3 
0.1 mgfm3 
0.2 mgfm3 
10 ppm 
uncontrolled areas 
controlled areas 
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EXPLANATION OF TABLE 4-2 
(1 l PEL (Permissible Exposure limit) - the maximum permitted 8-hour time 
weighted average concentration of an airborne contaminant. The PEL 
reflects the conditions and amounts of a substance to which most workers 
can have a daily exposure during a 40 hour work week for a working lifetime 
without suffering ill effects. The PEL may be established to protect against 
illness, disease, irritation, narcosis, nuisance or other forms of stress. 
PEls apply only to occupational settings and occupational exposures. 
(2) Excursion limit - the maximum concentration of an airborne contaminant to 
which an employee may be exposed without regard to duration provided the 
8-hour time weighted average concentration does not exceed the permissible 
exposure limit. 
(3) Excursion Duration - the maximum time period permitted for an exposure 
above the excursion limit but not exceeding the ceiling limit. 
(4) Ceiling limit - The maximum concentration of an airborne contaminant to 
which an employee may be exposed at any time. 
(5) Maximum Concentration - where the ceiling limit is not specified, the 
maximum concentration to prevent adverse health effects is calculated as in 
5155 (C) (2) (B). 
(6) In the absence of information to the contrary, the adverse health effects of 
exposure to two or more toxic materials during the workday shall be 
considered additive. 
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TABLE 4-3 
HEALTH EFFECTS OF HYDROGEN SULFIDE ON HUMANS 
Concentration Effects 
ML!!!3 
0.020 to 0.039 0.028 to 0.055 
Harmful long term effects on adults and the 
growth of young organisms especially infants. 
0.070 0.098 
Affects light sensitivity of the eye. 
0.086 0.12 
0.32 
Increased incidence of mental depression, 
dizziness and blurred vision. 
0.45 
Increased incidence of nausea, loss of sleep 
shortness of breath and headaches following 
chronic exposure. 
0.71 to 7.1 1.0 to 10 
Increased incidence of decreased corneal 
reflex (convergence and divergence) after 
chronic exposure. 
7.1 to 50 10 to 70 
Irritation of conjunctiva, fatigue, loss 
of appetite and insomnia after chronic 
exposure. 
10 to 15 14 to 21 
conjunctival and corneal inflammation, 
"threshold of irritation" according to 
Gurinov. 
50 to 107 70 to 150 
Irritation to eyes, i.e., conjunctivitis 
and keratitis with photophobia, after 
several hours of exposure. 
50 to 100 70 to 140 
Sub-acute poisoning, mild conjunctivitis 
and mild respiratory tract irritation 
after one hour exposure. 
100 140 
Slight symptoms may appear after several 
hours. 
Reference 
Glebova c.b. 
Loginova (1957) 
Tuan c.b. 
Meyer (1978) 
Schieler c.b. 
IIEQ (1974) 
U.S. Public Health 
(1964) c.b. IIEQ 
(1974) 
Rubin and Arieff 
(1945), Lewey 
(1938) c.b. IIEQ 
(1974) 
Barthelmy (1938) 
Masure (1950), 
Ahlberg (1952), 
c.b. IIEQ (1974) 
Butrin, Arkhangels' 
kii c.b. Gurinov 
(1952) 
Deveze ( 1957) , 
Beasley (1963), 
Nyman (1954), 
c.b. IIEQ (1974) 
Yant (1930) c.b. 
Moyer (1978) 
Fairhall (1957) 
c.b. Moyer (1978) 
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TABLE 4-3 (Continued) 
HEALTH EFFECTS OF HYDROGEN SULFIDE ON HUMANS 
Concentration Effects 
mgLJ:n3 
100 140 
Paralyzes the olfactory nerve. 
70 to 150 98 to 210 
Slight symptoms after several hours 
exposure. 
107 to 210 150 TO 300 
Slight systemic symptoms after many hours 
of exposure; possible hemorrhage and death 
within 48 hours. 
150 210 
Olfactory paralysis almost immediately. 
160 225 
Olfactory paralysis. 
160 225 
Irritation to respiratory tract and eyes 
within 1 hour, becoming more severe with 
longer exposure, i.e., conjunctivitis, 
bronchitis and keratitis with photophobia. 
170 to 300 238 to 420 
Maximum concentration that can be inhaled 
for one hour without serious consequences. 
200 to 300 280 to 420 
Sub-acute poisoning, marked conjunctivitis 
and respiratory tract irritation after one 
hour exposure. 
210 to 360 300 to 500 
Nervous system depression. 
210 to 360 300 to 500 
Slight systemic symptoms within 4 to 8 hours, 
hemorrhage and death within 48 hours. 
Reference 
Poda (1966) 
Henderson & Haggard 
(1943) c.b. Moyer 
Henderson & Haggard 
(1943), Haggard 
(1925), c.b. IIEQ 
(1974) 
Evans (1967) c.b. 
DWR (1978) 
IIEQ (1974) 
Nyman (1954), 
Ahlberg (1952), 
Mitchell and 
Yant (1925), Carson 
(1963) c.b. IIEQ 
(1974), DWR (19 
Henderson & Haggard 
(1943) c.b. Moyer 
(1978) 
Yant(1930) c.b. 
Moyer (1978) 
Ahlberg (1952) c.b. 
IIEQ (1974) 
Henderson & Haggard 
(1943), Haggard 
(1925), Mitchell 
& Yant (1925) c.b., 
IIEQ (1974) 
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TABLE 4-3 (Continued) 
HEALTH EFFECTS OF HYDROGEN SULFIDE ON HUMANS 
Concentration Effects 
I!l9.L..!n3 
210 to 360 300 to 500 
Irritation to respiratory tract, eyes and 
loss of smell within 30 minutes becoming 
more severe with longer exposure; photophobia 
and dypsnea (difficult breathing) within 4 
hours, possible pulmonary edema. 
360 to 500 500 to 700 
Slight systemic symptoms within 4 hours, 
hemorrhage and death within 8 hours. 
360 to 500 500 to 700 
Irritation to respiratory tract and eyes 
and loss of sense of smell within 30 minutes; 
dypsnea, conjunctivitis and keratitis with 
photophobia within 1 hour. Possible 
pulmonary edema. 
400 to 700 560 to 1,000 
Dangerous exposure after 30 to 60 minutes 
exposure. 
600 840 
Fatal after 30 minutes. 
500 to 640 700 to 900 
Slight systemic symptoms within 1 hour, i.e. 
headache, dizziness; unconsciousness and 
death within 4 to 8 hours. 
500 to 640 700 to 900 
Serious irritation to respiratory tract and 
eyes within 30 minutes, i.e., coughing, 
bronchitis, pharyngitis, dypsnea, possible 
pulmonary edema, photophobia, conjunctivitis 
and keratitis. 
500 to 700 700 to 1,000 
Sub-acute poisoning, dangerous in 30 minutes 
to 1 hour. 
Reference 
Haggard (1925), 
Breysse (1961), 
Mitchell & Yant 
(1925), c.b. IIEQ 
(1974) 
Henderson & Haggard 
(1943), Mitchell & 
Yant (1925) c.b. 
IIEQ (1974) 
Haggard (1925), 
Breysse (1961), 
Mitchell & Yant 
(1925) c. b., 
IIEQ (1974) 
Henderson & Haggard 
(1943) c.b., Moyer 
(1978) 
Henderson & Haggard 
(1943) c.b. 
Moyer (1978) 
Henderson & Haggard 
(1943), Mitchell 
& Yant (1925) c.b. 
IIEQ (1974) 
Haggard (1925), 
Breysse (1961), 
Mitchell & Yant 
(1925), IIEQ 
(1974) 
Yant (1930) c.b. 
Moyer (1978) 
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TABLE 4-3 (Continued) 
HEALTH EFFECTS OF HYDROGEN SULFIDE ON HUMANS 
Concentration Effects 
640 to 1,000 900 to 1,400 
Systemic effects predominate over local 
irritation effects. Systemic symptoms within 
30 minutes, collapse, asphyxia and death 
within 1 hour. 
710 to 1,500 1,000 to 2,100 
Lethal to man. 
700 to 1,000 1,000 to 1,400 
Possible acute poisoning, rapid unconscious-
ness, death. 
700 to 900 1,000 to 1,300 
Rapidly produces unconsciousness, cessation 
of respiration and death. 
1,000 1,400 
Rapidly fatal. 
1,000 to 2,000 1,400 to 2,800 
Acute poisoning, rapid unconsciousness, 
death in a few minutes. 
1,000 to 2,000 1,400 to 2,800 
Systemic effects predominate over local 
irritant effects. Immediate systemic 
symptoms, i.e., stimulation of respiratory 
(hypernea), followed by respiration inactivity 
(apnea) collapse, asphyxia and death within 
30 minutes. 
2,000 to above 2,800 to above 
Systemic effects predominate over local 
irritant effects. Paralysis of respiratory 
center; immediate death. 
Reference 
Henderson & Haggard 
(1943), Mitchell 
& Yant (1925), 
Simpson & Simpson 
(1971) c.b. 
IIEQ (1974) 
Gurinov (1952) 
Yant (1930) c.b. 
Moyer (1978) 
Poda (1966) 
Fairhall (1957) 
c.b., Moyer (1978) 
Yant (1930) c.b. 
Moyer (1978) 
Patty (1963) c.b. 
Haggard (1925) 
Haggard & Henderson 
(1922) c.b. IIEQ 
(1974) 
Haggard (1925) 
Yant (1930) c.b. 
IIEQ (1974) 
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4.1 COMMUNITY HEALTH IMPACT ASSESSMENT 
Health complaints have been and are in the process of being collected by several 
individuals, concerned citizen groups and by State and County Agencies. A compi-
lation of presently available health complaints has been provided through the work 
of Mrs. Hedtke, Secretary of the Kapoho Community Association and through 
cooperation with the Big Island Rain Forest Action Group, Colleen Mandals, and 
many others. A summary of the results shown by area impacted in Figure 3-16 is 
listed in Table 4-4 which includes the tabulation of 123 health complaints. 
The compilation is included in Appendix 8 and lists 26 symptoms tabulated for 17 
communities surrounding the PGV site. The odor of sulfur, eye irritations, and 
trouble breathing were experienced by every community included in the survey. Of 
the 123 respondents, 8 required medical care, 87 (70%) heard the venting noise of 
which 85 found the noise irritating (69%), 97 smelled sulfur (79%), 74 (60%) 
experienced eye irritation, 77 (63%) experienced throat irritation, 18 (15%) experi-
enced trouble breathing, 24 (20%) experienced coughing and wheezing, and 24 
(20%) experienced nose irritation. 
The referenced start of eye effects in Table 4-3 occurs at a level of 70 ppb H2S, 
with dizziness and depression at 86 ppb, followed by nausea and loss of sleep at 
320 ppb. The onset of conjunctival and corneal inflammation, which is the basis of 
the OSHA 8 hour worker standard occurs at a referenced 10 ppm (10,000 ppb). 
Exposed individuals and families within a one mile radius of the KS8 well venting 
were estimated to have been impacted at H2S levels indicated in Figures 3-3 
through Figures 3-15. Concentrations of H2S in the first mile (1.6 km) from the 
venting site are estimated to have exceeded 500 ppb with centerline peaks above 
2,000 ppb (2 ppm). The initial steam and brine cloud is estimated to have concen-
trations of 900 ppm. Emissions that were restricted by the drill rig decking or were 
expansion cooled, are estimated to have produced periods where peaks could have 
exceed 36 ppm at 528ft (160 m) and 1.36 ppm at 1.0 mile (1.6 km). 
Individuals down wind are estimated to have been exposed to concentrations, 
above ambient, as listed in Table 3-1. Peak values, 3 to 10 minute average, at a 
68% confidence level are estimated at as far as 10 miles ( 16 km) to exceed 131 
ppb with an hourly average concentration of 81.9 ppb at the plume centerline. 
The health complaint symptoms that are compiled in Table 4-4 are referenced at 
levels starting at 20 ppb in Table 4-3. Severe eye inflammation at 10 ppm are 
estimated to occur for those individuals or families that were exposed to the plume 
within 1,000 ft (348 m) of the KS8 well venting site. 
A previous health study conducted in 1987 of residents in the Puna area, found 
that chronic respiratory conditions including bronchitis/emphysema, asthma, hay-
fever, sinusitis and other respiratory system diseases rates were higher than re-
ported in Hawaii County or statewide in 1983 (Anderson, 1987). Individuals with 
such respiratory illnesses are more sensitive to adverse health effects of gaseous 
and particulate pollutants. 
Other toxic constituents of the steam and brine cloud are listed in Table 1-1. The 
Total Dissolved Solids estimated emissions listed in Table 1-1 are estimated to 
result in high concentration impacts of aerosols and particulates in the steam and 
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brine cloud. For instance the 13.6 lb/hr of lead results in an estimated hourly 
average exposure at 10 miles along the plume centerline of 8.59 ug/m3 above 
ambient. While the exposure time was short for individuals and no long term 
adverse health effects are foreseen, the high levels of gaseous air toxics concentra-
tions added to other heavy metals, aerosol, particulates and H2S are estimated to 
have given rise to the reported adverse health complaints. 
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TABLE 4-4 
KS8 WELL VENTING COMMUNITY HEALTH COMPLAINTS 
Name Distance Direction Health Complaint 
miles Numbers 
Puu Honuaula 0.6 East 4 
Lanipuna 3 South 12 
Pohoiki Bay Estates, 
Leilani 1 Southwest 37 
Opihikao Homesteads 1 Southwest 12 
Puna Palisades 5 South 3 
Kehena 4 South 4 
Kalapana Seaview Estates 10 Southwest 9 
Black Sands Subdivision 6 Southwest 8 
Upper Kaimu Homesteads 7 Southwest 1 
Kamaili Homesteads 4 South 4 
Kaohe 5 South 3 
Ainaloa, Orchidland 9 Northwest 2 
Hawaii Acres 8 Northwest 2 
Hawaiian Paradise Park 9 Northwest 4 
Hawaiian Beaches, Hawaiian 
Shores 5 Northwest 2 
Pahoa, Nanawale 4 Northwest 9 
Kapoho 4 Northeast 7 
Total Health Complaints 123 
Source: 
Appendix B 
Big Island Rain Forest Action Group 
Colleen Mandals, Pahoa Natural Foods 
Kapoho Community Association 
---------------------------------
GODDARD & GODDARD ENGINEERING - ENVIRONMENTAL STUDIES, 1991 
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5.0 SUMMARY AND CONCLUSIONS 
The following findings are in accord with those in the Element Ill Part I report. The 
focus here is on the air quality and adverse health effects of the event. 
The air quality impacts of the KSB June 12, 13 and 14, 1991 blow-out resulted in 
high emission levels of H2S and other air taxies from the project area. Individuals 
and families near and surrounding the site for several miles experienced periods 
where health complaints resulted from exposures to the released air taxies in the 
form of gases, aerosols and particulates. 
Local values of H2S, measured and estimated, have been shown to be in substan-
tial agreement within 1.0 mile (1.6 km) of the release site. The zone of high 
impact was increased by PGV horizontal venting. 
Regional estimated plume transport to 1 0 miles has been shown to compare to 
regional coastal wind measurements, to land and sea based local wind generation, 
to local plume cloud sightings, and to the observed chronology and position of 
health complaints. Estimates of 10 mile impacts of H2S within the plume cloud 
centerline are high enough to yield observed symptoms at concentrations as refer-
enced in the report. 
A "worst case" impact event with the same emissions as the KSB uncontrolled 
venting where winds were near calm or at 1.0 mph (0.4 mps) would have in-
creased impacts an estimated 4 to 10 times. Under worst case conditions, the 
distance to where health complaints were reported would be extended several fold. 
It appears that the event was due to lack of preparedness and mismanagement of 
techniques which could have prevented unabated H2S releases. It is our opinion 
that the permittee has apparently violated air H2S emissions limits and H2S air 
quality impact limits, as well as other ambient air quality standards for other air 
taxies, as well as noise level limits and noise level control average criteria permit 
requirements. 
It appears the permittee has failed to use and/or manage the use of Best Available 
Control Technology in abating the air emissions and the noise levels. It appears the 
permittee has used equipment not described in the Authority to Construct which 
may have added to the air emissions and noise levels during the event. 
The DOH air quality and noise permit conditions were stringent enough, if they had 
been followed by PGV, to protect the health and safety of the surrounding citizens. 
Unfortunately, only a few foresaw the likelihood of such a high concentration of air 
taxies emissions and such a prolonged venting period. 
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6.0 RECOMMENDATIONS 
The following recommendations are in accord with those in the Element Ill Part I 
report. The focus here is on avoiding future emission exceeds and in documenting, 
in the surrounding communities, possible future air quality impacts and adverse 
health effects. It is recommended that PGV pay for any additional expense in-
volved in implementing the following measures: 
1. Emissions limits for H2S be vigorously and rigidly enforced by DOH person-
nel. 
o. Implement emissions limits with frequent field inspections by DOH 
personnel on an unannounced basis to verify compliance. 
o. Emission rate measuring procedures, equipment and a maintained 
database should be implemented which quantify the emission rates 
and log the emissions data. 
o. Geochemical analysis of the resources should be verified frequently by 
independent laboratory analysis. 
o. New resources should be immediately geochemically analyzed at a 
frequency at which minimal changes between samples is observed. 
o. Developed resources should be geochemically analyzed on a quarterly 
basis with more frequent analyses if a 10% change is observed 
between analyses. 
2. A Puna Air Monitoring Program (PAMP) be formed managed by DOH with 
participation by the developer, the local agencies, State agencies, local 
concerned organizations and local concerned citizens. 
o The PAMP committee should be responsible for managing an inde-
pendent agency or contractor management of the air and noise moni-
toring program. 
o Costs of the program should be borne by the developer. 
o Monitoring sites should be unified under the PAMP program. 
o Sites should establish a uniform Quality Assurance program to stand-
ards established by the USEPA. 
o The committee should be responsible for Quality Assurance of all data 
with reports unified under the PAMP program. 
o The committee should establish routine third party station audits 
which should be performed by qualified personnel. 
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o Equipment operated in the PAMP program should be as uniform as 
possible with uniform data logger formats, and report structures, and 
should have data modem-accessible for Operational Management of 
Air Resources (OMAR) type functions (see Appendix C). 
o The committee should coordinate the availability of data through a 
central computer system linked by telephone and/or telemetry so the 
emergency response will be automatic 24 hours a day for each sta-
tion. 
o The committee should coordinate with a limited number of external 
users to the data archiving central OMAR type computer so that non 
quality assured data is made available to the public. 
o The committee should oversee the recommended equipment installa-
tion and, before further geothermal exploration occurs in the area, 
conduct meteorological investigations of the proposed new explora-
tions area to clearly establish the "worst case" micrometeorological 
relationship between the area's future geothermal emissions and local 
and regional impacts. 
3. Modify station positions and install additional meteorological monitoring 
equipment and sites to further study the geothermal air pollution meteorolo-
gy of the location and zone of impact as shown in Figure 6-1. Each of the 
station changes should be done sequentially starting with the present sta-
tions farthest from the PGV site. 
A. PGV Site specific measurement stations - these stations and locations 
are designed to define the micrometeorology, the conditions aloft, and 
possibly record and give alarm on elevated H2S emission events near 
PGV planned and upset venting sites. 
o To better define the atmospheric stability and winds near the 
surface and aloft near the PGV site, it is recommended that a 
40 meter tower be installed at a convenient location near the 
present Irvine station. The tower should be equipped with wind 
speed, wind direction, temperature and humidity at 40 meters, 
20 meters and at 10 meters so that atmospheric stability, and 
the magnitude and gradient of temperature, wind speed and 
humidity may be obtained. The tower should be equipped with 
a data logger and linked through telephone or telemetry to the 
central OMAR type computer. 
o Discontinue meteorological monitoring at the SW station, since 
the station is close to the Irvine station, while maintaining the 
air quality monitoring. Equip the station with the ability to 
measure H2S in the lower ppb range and with a second instru-
ment or autoranging measure H2S in the mid to high ppm 
range. Link the station into the central OMAR type computer 
system by telemetry or telephone. 
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B. Surrounding Community Aerometric Stations - these stations and 
locations are designed to gain a more regional understanding of the 
micrometeorological conditions and provide air quality surveillance and 
emergency community warning. 
o Relocate the Wade station within the interior of the Leilani 
Estates. Equip the station with H2S monitoring in the ppb 
range, and 10 meter wind speed, wind direction including 
sigma, temperature, humidity and precipitation. Link the station 
into the central OMAR type computer system by telemetry or 
telephone. 
o Relocate the Wood site within the Pahoa community. Equip the 
station with H2S monitoring in the ppb range, and 10 meter 
wind speed, wind direction including sigma, temperature, 
humidity and precipitation. Link the station into the central 
OMAR type computer system by telemetry or telephone. 
o Relocate the Alvarez station within the Kaniahiku community. 
Equip the station with H2S monitoring in the ppb range, and 1 0 
meter wind speed, wind direction including sigma, temperature, 
humidity and precipitation. Link the station into the central 
OMAR type computer system by telemetry or telephone. 
o Relocate the SE station within the Kehena Beach Subdivision 
so that coastal conditions are more adequately monitored. 
Equip the station with H2S monitoring in the ppb range, and 10 
meter wind speed, wind direction including sigma, temperature, 
humidity and precipitation. Link the station into the central 
OMAR type computer system by telemetry or telephone. 
o A uniform method of sampling precipitation at each PAMP sta-
tion should be initiated with regular chemical assessments of 
the constituents including heavy metals until the background 
conditions are well understood; 
o The PAMP committee should oversee development of a uniform 
monitoring program of known PGV geothermal air taxies which 
through "worst case" dispersion analysis estimation surpass a 
health significance level of 1:100,000 in any populated area. 
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4. PAMP manage local and regional air transport studies in future geothermal 
explorations areas before initiation of geothermal development. 
o A series of "worst case" poor air dispersion meteorological condition 
tracer studies should be initiated in new areas of geothermal explora-
tions. If the new area is a step-out from the PGV location, the study 
should include releases at the PGV power plant site rock muffler, 
simulating estimated steam plume rise, and at possible normal opera-
tions and upset conditions venting points in the well field. Multiple 
tracer sampling sites should be situated in communities which may be 
impacted in addition to mobile and aircraft grab sampling. The tem-
perature and wind structure aloft should be monitored during the 
tests. 
o Each tracer study should be paid for by the developer with adequate 
funds tor the PAMP committee to hire a qualified firm to conduct 
the tests. The firm should statistically assess the frequency of "worst 
case" that the particular test represents. 
o The PAMP committee should be responsible for quality assurance of 
the tracer studies, documenting each test and findings and publishing 
sufficient volumes of the test description and results so that the re-
sults will be available tor developers, engineers and environmental 
scientists. 
5. The PAMP committee should quality assure monitoring data, document all 
quality assurance procedures and publish sufficient volumes of the monitor-
ing documents that developers, engineers and environmental scientists have 
access to the documents. 
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APPENDIX A 
MICROMETEOROLOGICAL AIR DISPERSION ASSESSMENT METHODOLOGY 
(MADAM) 
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~lCRO~tTEO~OLOGlCAL Al~ DlSPERSID~ ASSESS~tt:7 ME':HODCLOG~ (~hD~~) 
A CEO"TH[R~.t.L AIJO. OUAtlTY lt:Pl.:-; ASSESS!".Ef~'I TOOLBOX 
AVJ.lLAE:..E: A! Sh.L.f.[lo.'S..RE 
~ilson E. Godderd, Ph.D., Chie! Reseerc~ Ensineer 
a nC 
ChriEtine E. Godcierd, 1':.1.., Ct.1e! fj,f'eearct. G+osrapher 
G2t~JRf ' COD~l.Rr EKC!~EE~lNC 
r.C. bo>- 109£.. llpper !..l!f.E, CJ. 95~E~ 
(7C7) 27:0-C23E 
Tne newly co~~leted ~icrometeorlogieel Air 
t'lspersior. J.~~E>!:srnent Methodology (I':AD.I..P".) 
year lone ptC)eCt ~a~ fundef by the 
C~l1!cr~~e· E~~rcv Co~~.is~io~ throuc~ the 
(i.eotherme.l Gre~nt"f.rogran enC wes 1Joan~9eC by 
the Lake County Air Quality t!.ane9ement 
District. 'I'he purpoee of thto prcject was 
tc develop e verifleC .. ethodology for 
9eo!her~al eir ~uelity impect •~s~ssme~t 
for l.l&e by regule.tor6. lndu~try •nCI 
lntere!te~ 9:-oups. '!ne Clev£lopeC end 
.-erifieC Jnethodologr r£-duce~ the ti~ne end 
effort normelly expended in determining 
9ectherm~l elr q~~lity i~pac~~ throu~h use 
o~ ,., PeNon.e.l Cor..puter besed prosratt .• 
~hDJ.!': iE evc.ilable for interested user6 
cost ~ree as ahere- were ($<5 ~egistere 
users ~or new version •nnouncement•) 
Application, ueer end reference .anuele 
anc! assistance ere available frow. GODDARD ' 
GODDARD ENGINEEJ\.l.NG. Veraion~ are 
av~ileble for CP/~, PC/11SDOC, Apple Ile 
(with ApplieC Engineering %80 boarCi), and 
Macintosh PC cornpcter&. 
FRO:JE:C7 GOAL 
'l'he prime.ry goe.l of the 
~icrorr.eteorolocical Air DiE;per&ion 
~~aess~ent "eihodology (MADAM) project was 
t.o develop and docu~n.t a verified 
Jnethodology that could be used by the Le.ke 
County Air Ouelity l'lenagement District 
(LCAOP':.D} etaff to quickly, accuretely and 
Jnexpeneively esti&.e.te Air C!ieper~ion 
pclllltant concentrations occurring fro~ a 
veri~ty of geothermal ·err.iesion aources in 
t.he ~ountainou~ Geyser& known Geothermal 
Resource Area (~CKA). 
~he ~eveloped air ~i&persion e&eessment 
~nethoCology we& required to have verified 
reJiebilit)', and be reeli!itic and 
•yste~r.atic in evellleting eir quality 
i~npecta frorr. nearby geother~ne.l e-mission 
aourceE t'dthin e fe"'· V~ilee:) under alack 
(l0\1) wind con~itionE in ~o\lnteino\1& 
eettinga (complex terrain). 
ThE- tnethodology \IllS developee, teateC enC 
verified uain~ over te~ y~ar~ of exeelle~t 
enC extenE.lYE- rr . .:..erorT'eteorclo~ic6l, elr 
qu~lity en~ tracer d•t~ e~:lE-:teC ln thE-
~our.t.e.inous Geysers KGF..h anC thE: Clellr Lake 
Air Bllain. 
~he MkD~~ project ~a~ conducted by COPPkRt 
i GODDkRtl t:NGlNtEIUNG unOe:- thE: Cirectior. 
of the Lake County Air Ouelity ~ena9ement 
PiEtriet. Robert L. Reynold~, Director end 
ProJect f".ena9er John Thor.-.psor,, J.ir Out.lity 
E:n9ineer. A Guidance Committee wee 
e~sE:c~le~ to as~i~: ~itn thE- p:-oJect enC 
to ensure thl! t th£ Jnethodology was 
acientificelly aound anC could be u&ed in 
practice] epplicetions. ~he Guidence 
com~.ittee va& compriaeC of potential uaer6 
an~ technical experts, namely: c.t:. ~oods, 
(Chainnen), Geyaera Ceothennel Compeny: 
kelly eirkinahl"'' californie £ner9y 
Comtt.iasion: tUke Cele, G£0 Operator 
Corporetion (C:Rl): Mark Dellinger,. Leite 
County Geotherm.e.l CoorCinetor: Dr. Peul 
Cudikaen, La~rence Livermore Leboreto~y: 
tie t t Iieber, £n\•ironrnentel Protection 
A9enry: Ron knieriD"., Secremento Municipal 
Dtility Di~trict: AnCy ~en:ieri, California 
Air Resource~ ~oerC: Robert ReynolQ~. Lake 
County Air Quelity ~enagement District, 
Director: ·steve Sharp, Sonome County 
Geotherm~l Coordinator: Ron Suess, Pecific 
Ges end Electric Compeny: ~icheel 
'J'olrnesoff, Northern Sonome County J.ir 
Pollution Control District, Director: end 
Bob Swan, Mendocino County Air Pollution 
Control District, Director replaced by 
Robert ~ellen, Men6ocino Community College. 
'S'he project vas approached by eivi~ing the 
work into five tasks, each of which "'•s 
OefineC with e atatetnent of hO'-' it vas to 
be eccomplisheCI end an approximate time 
alloceted. The work in eech teak end the 
results obtaine~ vere ther. presented es e 
written report ene a! an cral presentation 
with illustrations to the Cui6ence 
Committee. £ech 'l'esk Report includetl 
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~-~- GOtD~R: AKC C.E. CCD~~R~ 
eyc;.-rc;:-:-ia~f> 
rt:erence~. 
re~por.Oed 
sra;:-~:!, tetJE"!, me~!" er;::: 
Tn• Guldan~~ Co~~.itt•E me~ber~ 
~lth thElr co~mentf end 
E-:JS:I?IE'!"~lon!. ':':-.e:-E ~o~ert-, tne=-t-!ort, !lvE-
GJ.:lCer.~f' Corrr.:.ttf'f: r:•t-E-..ing~ er.:: flVE- 'JesY. 
fo-E-port£. /-..!. thE- fo..:rtt- Guidt!nCt Cor->~ittf'f' 
r.H :.1r.~, G:r:.,,:..r,:- 4. GC"::..:..F.!: [t'CJ:~~H!NG 
pre&e:r.teC tc tht- LC~';I~~ an oeclrr-~nl~tr.t.t:ivt­
vtrElOr. cf t:J..DJ..t'. 1ncluC1ng the: COI'""puter 
r=-~~!"Ct", 5t:Vf::'"~: L!~!~: 5U90f'!::iC~! ~ltE 
ll<:dt- c.:. thie- t1mt: ar.:::: lncc.rpcrctE>C lnto the 
ver~lor. l.C· c! I'D-.:-.;.,~-.• 
CJ...;c.:-tt:-Jy rE'j:'-=:"t!" Ct-!'cr.it..in~ tht-
prcJeCt '.! pro;:: res! enC COFie~ c! eioC!-. o:! 
tht- f:.ve 'I~-5;.. kt:pc:-t! enC the: PrOJf'C':. F1nal 
11-epor-t were e;ubr..ltteC to the Cellfornie 
£nergy Co6~l6~lon's trOJeCt hana9er, ~elly 
~:=-Y.:n~t-.e-.:. 'rnf' rrc:_-~ect corr.mEnceC ir. 
Jc:!".l.;o::ry c! 2~f( ar.C t F1r.c.: ~e~o:--:. ...-e!: 
e;uo~;tt~~ tc the CE: on ~erch 2C, l9E7. 
ACCOf':Pl.l SHt',EN'I'S 
"l'h~ P'.ht:hf': prcje-ct he& OevE-lopeC e 
~ere;onol Co~puter-be&eC ~ethoOclogy for 
repid enC eccurete e~se~~me~t of 
concer.tret.ion of e1r pollutant.£., e.t ten 
eelecteC loce tions (receptor&), which are 
the: re~~:.~:. c:! e s~n;::l~ er:.l.SSlcr, (pc-J.luticn) 
aouree.. ~I.Dh~ weE. Oevelope-C for u&e in ell 
terrain ~ettincE ineludinc mountain£., 
Y~t-lle)'f:• bl\:!16- enC !let pieins. Plume 
rie;e is est~metee for various typee; of 
er..ie;sion aource~ including ateern, cooling 
to\Je::-f end othe:- g~E-eouE releo&es. 
~:moEpheric atebilities roen9ing !rom 
...:tremely unstablE through e:x:rernely Etetle 
ere aei~ete-C for u•e ir, estimetin9 plume 
r1.ee e'"'.C: eir c:Hspersion concentretions. 
Th~ 6e~:ription of th~ e~is~ion sourcE, the 
weather cond;tions, the ten receptors end 
respective elevations ere entered by the 
user, end Etoref on computer ~l.&k fileE. 
For another epplieetion these files ~ey 
then be retrieved, the veluee for eny of 
tne S€ inp~t ve~iebles ~~:i!ied, end the 
ne~ v~~iable values BtoreC ~n6er e neY 
e~plica:ion name. All el9orithrr:s ere 
B~)UStf~ ~ithi~ the computer proerem for 
their respective elevation, te~pereture, 
hurddit)' enC ..-inC s~ecS.s.. l..ll eir 
dispersion concer.tration estimetes ere 
ecc:ompanieC '-'ith en engineerin9 error 
est1mate which indicates their celculated 
<tt/- llncerteinty. 'l'he .. etho6c-lo';y .is 
restricteO to applications where the 
err.iasion eource i~ near to the receptors 
(..-ithin JO ~ile~) ~n6er alack (less then lO 
1nph) ""inC epe-e6s. 
'!'ne LCJ..O,.m atei:f has been supplied "''ith 
the tu.r.;.M versior: l. 0 corr.pt~ter p:-ograrn, and 
U1e ~ct.ho6ology's Ap;;1icetion, User enC 
Reference ~anuels. 7he ate!! haE been 
trainee in e numbe~ of MkDAr. epplication! 
enC user eupporte~ treinins aesEions 
plenne~ for the future. 
oro 
This 
lr;.:Er-'2~ :e:.1cr. l!! 1::-r tht- l.;;,lE :lt- L:t:ln:; 
oar. J.;~l1eC Lng1ne~r1ns: ;:so boarc:.. c:.her 
~~DA~ 1~~le~e~t~t1on~ for Ap~l~ lle (~it~ 
:t~), P'.e:::-lr.to!:r .. P:-D~~. !".!!::~ linC Cf't' 
pErs::r.c.: co~.pute:-! ~!"'E- ore evc.:.le:.-:le: 
throwr;:r. G:)DD"-RL i GODDJ..RD tNCll'!:E~lto(;. 
l: lE expected the:t app:-opr1.e.te u~t- o! 
~~~A~ ~ill result 1~ bene:~:t~ tc Etete en~ 
}c:::.::: scv{:'"nr·f!".':.c: C::f'~.:~t-!.. ;r.o.!~!"\ c~.:: 
tt.t 9t-:-.erc.J puL1lc, lr,;:JuCln:;: 
c. n,C:J.:n; tht- perr:-~'::t.!n~ ~:-ocE-!~ r:rt-
tlr·t~~ ~~ ello~1n~ r~~;~ en~ ~ccurete: 
a~sessme~: c! e:r qu.::~ity l~~~=t~: 
o protection cf public h~~lth by ello~in; 
pro~~t, accurate aE~essme~t c! e1r 
cuc2~!~ i~p~ct, e~pt-cle~l~ lr t~c~t-
c.::sc "-"ht-rt' 9~clh~:-rr.c.: ecti\";ty t-.c.~ 
9ro~·r, into populate~ ereg~: 
o fecilitete the pror..pt anC inexpen£ive 
p~rrr.itt1n9 of emell El%f' {12.~ lf•e-f!HI~·ett) 
•drop l.n plece• ~eotherm~2 el~ct:"lC 
pow~r plent.!: o ~or~ optimel ~til1zet1on 
c:! the eveileble e•• ene 9ecthe:r~al 
resourceE and evoiCence: c! those wtc.ther 
ecnCltion~ leedin~ tc s~vert' eir qu~lity 
li..pe:ct even:.~ tr.rour;r. geott~~rme.: 
activities ~ne9ement: 
prompt and ti~ely eir 
assessment in the 
planning process: •nC 
quality itnpae:. 
aite selection 
evciCanee of the need for 
end expensive trecer 
eept-:isticateC numerical 
ir..;:.llet 
ti~ne consur.,i nc; 
tests enCl 
air queli -:y 
WIOOE l i r.;. .. 
I'I~DJ.I': OSEf SU~MJ.~).' Or'!LlN[ 
OC'I'LlN£ Of ~Et Y.J.DJ.~ ~t7SODOLOGY 
I'I~D~~ is e aingle aouree, WIUlti~le receptor 
air Cispere;ion metho6olo;y.. lf lfl\.01 tiple 
source~ ere in\·olved Euch •~ when e 
eutnl.llative eir quality impact ar • .e.lysis i~ 
conClucteO, then Y.J.DAr. is epplieC to eeeh 
e~.is~ion eouree enC the result£ erE aCded 
et tht- &elected receptors. '!'bE Eource 
etr,iS$iCr. Blay be qe•eous enCI/cr pertic\llete 
err.ene tin~ trorr. ate em, coolin; to~o~er~ or 
ether sources. Perticclete 1112tter in 
e~r.issione: are e~e;urneC tc be smLll enougt-. ao 
thet they have insiq-nificar.t settling 
velocities. 
STEPS IN ~Ht MADAr. l'ltTHOPOLOG¥ 
.l. .Sourc• Pl~rne Cheracter.i:e~ion -all 
!ector$ e!!ectrn; pl~~ rl&t' ar~ oescribeC 
es input ~rameters to the P.l..DA~ corr.puter 
pror;rarr.. lnpct pe.reTneters incl11de: exit 
a teet. heicht, &O\lree ate ct. CiaTneter, 
ter,pereture .. cr the e-rr.ie;sion, cool inc; tower 
~ia~e:ter end nu~ber, •clecula~ veight o! 
10E 
GODDARD & GODDARD ENGINEERING -ENVIRONMENTAL STUDIES 
emissions, eource eteam flow rate, non-
stea~ flow rate, atmospheric pressure, 
source e1evation anC reference wind speed, 
temperature and humidity. 
2. Deter~ine the Meteoroloaical Conditions 
for the source--irea by revle-.: ana essemEly 
cf all metecrolocical a~6 cli~ato)ooical 
data, tracer an~ other dispersion-reiated 
studies available for the area. 
3. Tcpogrer~ic A~alysis - thE topography of 
the area 1s stli"'.a·d and maps dra ... ·n of all 
significant features such as mountain peaks 
and ridges, canyons, steepness of slopes 
and their compass orientation (aspect), 
valleyf;, bluffs i!lnd eels n~ted. J.ll 
pollutio~ e~issions sources and receptors 
of interest are identified on these maps. 
4. Flow Paths of Mesoscale end Local Winds, 
pert1nen~tfiE area ol 1nte're~e--ari'Wn 
fro~ available data sources on the 
topographic eree ~nap. Maps of estimated 
wind regime~ are drawn for each important 
type euch ee night-eerly morning drainage 
winds (katabatic) and daytime 
upslope/upvalley winds (anabatic). The 
predominance of meteorological features 
such as marine air intrusion, lake or ocean 
ehore breezes, or river basin local wind 
developments ere ehown on these mapa. 
5. Trajectory Paths are estimated end drawn 
... <1n each w~nd--r;gTme map of the area for 
each emission eource. Distances are 
measured and recorded from each emission 
source along each estimated plume path to a 
line at right angle to each receptor of 
interest. At each receptor, the horizontal 
distance from the receptor location to the 
plume center line is measured and recorded. 
This approach constitutes the best estimate 
of the Jnost probable ,a~r quality impact. 
It is important to consider possible 
conditions which may cause more eevere air 
quality impacts termed •worst case• 
•cenarioe. '!'heee include • caee for 
mountainous terrain plume impingement where 
elevated pollutants are lofted to the 
ground. ~hile plume impingement .. ay occur 
infrequently, the existence of elevated 
temperature inversions constrained by 
topographic features euch as valley aides, 
bluffs or ~ountain eidee can force elevated 
plumes to the ground. In the Worst Case 
ecenario, 1 t ie assumed that pollutants 
could ~ove in near straight line distances 
even though the necessary vind patterns ~ay 
occur infrequently. Worst case ecenarioe 
are ~oat euitably presented in tabular form 
with all assumptions clearly stated. 
6. Use of the MADAM Computer Air Dispersion 
Progrim-can-now-Eigin w1th the-ielect~on of 
Ehe Input parameters developed from items 
~.B. GODDARD AND C.B. GODDARD 
1. through 5. The first MADA~ ~enu prompts 
for a file of input paramenters. User 
selections are shown in the following es <> 
containing the first letter of the choice. 
MADA~ OPE~lNG ME~U 
••••••••••••••••••••••••••••••••••••••••••• 
ENTER CO~~A~D <> 
<f>ilencrr,e "'Hn: t.;::> CH.t.t:GE: 'I'D lt\PU7 
PA~A~ETE~ VA~UES NEEDEL 
<C>henges CHANGE NEEDED TO lt\PU! PARA~ETEP 
VALUES 
<M>anual ENTFY Of INPUT PARA~ETER VALUES 
~EE~ NO FILE EX1S1S 
••••••••••••••••••••••••••••••••••••••••••• 
The MADAM program has 86 input parameters 
which can be specified and stored in an 
input disk file. Manual entry mey be 
selected by <M>anual although it ie often 
easier to change a similar application 
input file and then etore it under a new 
file name. If changes are necessary to a 
file then select <C>hanges. Ofhe changes 
~ay be etored under a new filename when the 
user has completed the changes. Select 
cP>ilename when no changes to the input 
file ie necessary einee thie then ekips the 
input change menu&. If cC>hange or 
cF>ilename are selected, the user is then 
prompted for a filename. 
.. 
FILE NA~E PROMPT 
ENTER cFILENAHE> ANO RETURN 
The user ~ust enter a valid file name which 
is on the epecified disk drive. ..t( 
<C>hanges are specified, the input file 
will be displayed in e aeries of acreene 
that the user may alter. At the bottom of 
each input parameter list, a prompt will 
appear requesting the index number of the 
parameter that the user wishes to change. 
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PARAMETER INDEX CHANGE PROMPT 
••••••••••••••••••••••••••••••••••••••••••• 
ENTER NUMBER - <l THROUGH l8> FOR VALUE 
CHANG£, OR cRETURN) FOR DONE 
'J'o change an input parameter value, the 
user enters the Index Number and presses 
<Return>. 'J'he input parameter name and 
present value appears at the ecreen bottom. 
The u•er then entere the new value end 
preaaee <Return). 'J'he new parameter value 
then appears in the input para .. eter 
listing. 'J'he user continues to ~nak.e 
changes until all of the desired changes 
are made to that screen. When the user is 
ready to see the next screen of input 
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W.B. GODDARD AND C.B. GODDARD 
~rameters, <eReturn> ie entered without an 
Index Number end the next ecreen ie 
displayed. 
I~PUT PARAr.ETER LIST 1 TH~OUGH 18 
Emis~ion Source and Meteorology 
The first 18 input paramf:>ter5 of l".h~hl". 
describe the emission source and the 
meteorolo;ical conditions occurinc durinc 
plu~e tra~Eport. M~Dh~ ~6ke~ ~11 ~ecess~r~ 
corrections for the altitude of the &cure~ 
and meteorological conditions aloft. Each 
input parameter is described in the 
follo'-'ing: 
SOURCE AND METEOROLOGICAL CONDITIONS 
INDEX 
[1) 
[2) 
[3) 
[4) 
[5) 
[6} 
(7} 
[8} 
[9} 
[10) 
[ 11) 
[ 12) 
[ 13) 
[14} 
MADA~ INPUT PARAMETER 
------
Source Stack Height, ft 
Height at which emissions are released 
by the source. 
Source Steck Diameter, ft 
Diameter of source emission release 
point. 
Source Stack Exit Temperature, F 
Temperature of source emissions. 
Source Cooling Tower Diameter, ft 
Diameter of cooling tower exhaust. 
Source Number Cooling Tower Cella 
Number of cooling tower exhaust fana. 
Source Cooling Tower Exit Velocity,fpa 
Cooling tower exhaust fan exit 
velocity. 
Source Molecular Weight Exiting Gas, 9 
Average molecular weight of source 
emissions (Airc 29, Stearne 18}. 
Sourc£ Steam Flow Rate Exiting, lb/hr 
Flow rate of ateam source emission. 
Source Pollutant Emission Rate, lb/hr 
Pollutant aourch ~mission flow rate 
9aa or particulates. 
Other Source Flow Rate, cfm 
Source emissions flow rate other than 
eteam or cooling towers. 
Sea Level Atmospheric Pressure, inHg 
Standard Sea Level a 29.9 inHg 
Source Elevation, ft 
Source 9round level elevation above 
eea level. 
Reference Wind Speed, ~ph 
Surface wind speed at eource and along 
plume path. 
Surface Roughness Coefficient, ft 
Typical values are selected from the 
following: 
SURFACE FOUGHNESS COEFFICIENT 
Surface, Heicht ft, Roughne~s ft. 
Fares t 16 9.3 
Or chord Trees 11 6.5 
Large City 5.4 
Corn fielCs 9.P 4.2 
Brush 3.0 0.3 
Cereal Crops 2.0 0.72 
Gra f: s 0.6 0.2 
Rougt. \oOeter 0.0( 
Smooth Ground 0.0001 
Smooth ~a ter D.0001 
Pavement O.OODl 
[15] Reference Te~per~ture, F 
Svrface air terpErature at Eource and 
along plume patha 
[16) Capping Temperature Inversion Height, 
ftag1 
Height at which plume's upward 
dispersion is trapped. 
[17) ~eference Relative Humidity, decimal 
Surface relative humidity at source 
and along plume path. 
[le] Height Of Meteorological Reference 
Data, f t 
Instrument height at which reference 
conditions specified. 
INPUT PARAMETER LIST 19 THROUGH 58 
Receptor Description 
~he next 40 input parameters of MADAM 
describe the position of each· Of the 10 
selected receptors in relation to their 
respective distance along the plume path 
from the emission source, their respective 
elevation, their respective horizontal 
diBtance away from the plume path cen_ter 
line and their respective height at which 
the poliutant concentration is to be 
estimated. 
INPUT PARAMETERS 19 THROUGH SS 
RECEPTOR 1 THROUGH 10 DESCRIPTION 
MADAM INPUT PARAMETER 
------
[19) Receptor 1 Plume Path Distance, mi 
Distance along plume path from the 
emission source to a line ~rom 
Receptor l nonnal (at right angle) to 
the plume path. 
[20] Receptor 1 Elevation, ft 
Surface elevation above eea level at 
Receptor 1. 
110 
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[21) Receptor 1 Plume tiorizontel Distance, 
ft 
Horizontal distance frorr Receptor 1 
normal (at right angle) to the plume 
path. 
[22) Receptor l Height Abov~ Ground Level, 
ft 
HEi~~t e~~ve ground et P~c~~tor 
which pollutant concentration is to be 
estimated. 
[23] throu;~ [SE] oicilar for Receptors 2 
throu9h 1C. 
INPUT PARAMETER LlST 59 THROUGH 79 
"ADA~ Air Dieeersion Pollutant 
Cc~centrat1on lEoFleths 
Pollutant concentration ieopleths date 
are calculated by MADAM for the General and 
for the Complex Terrain dispersion 
applications. The user ie required to 
input the eur!ace elevation along the plume 
path and the height above the ground at 
which the isopleths are to be calculated. 
~he uaer also specifies the 10 desired 
pollutant concentration isopleth~ in hourly 
averagE parts per billion (ppbv) at which 
the horizontal distance from the plume 
center line is to be calculated. 
INPUT PARAMETERS 59 THROUGH 79 
POLLUTANT CONCENTRATION ISOPLETHS 
• ~ MADAM INPUT PARAMETER 
[59] Elevation At 0.25 Mile Along Plume 
Path, ft 
Surface elevation below plume path at 
0.25 mi from the eource. 
[60) Elevation At 0.50 Mile Along Plume 
Path, ft 
Surface elevation below plume path at 
0.50 mi from the &ource. 
[61] Elevation At 1.0' 'Piile Along Plume 
Path, ft 
Surface elevation below plume path at 
1.0 ~i from the source. 
[62) Elevation At 1.5 Mil•• Along Plume 
Path, ft 
Surface elevation below plume path at 
1.5 mi from the eource. 
[63) Elevation At 2.0 Miles Along Plume 
Path, ft 
Surface elevation below plume path at 
2.0 mi from the eource. 
[64] Elevation At 2.5 Plilea Along Plume 
Path, ft 
Surface elevation below plume path at 
2.5 ~1 from the eource. 
[65) Elevation At 3.0 Miles Along Plume 
Path, ft 
Surface elevation below plume path et 
3.0 ~i from the eource. 
W.B. GODDARD AND C.B.-GODDARD 
[66) Elevation At 4.0 Miles Along Plume 
Path, ft 
Surface elevation below plume path at 
4.0 mi from the source. 
[€1] Elevation At 5.0 ~ile~ Along Flure 
Path, ft 
Surface elevation below plume path at 
5.C ri frol'" the E:l:..::rce. 
[68] Elevation At 6.0 ~iles Along Flume 
Path, ft 
Surf~ce Elevation belo~ plu~~ path ~t 
E.O mi fro~ the source. 
[69] Isopleth Height Ab~ve Ground, ftagl 
Height above the ground at which the 
isopleth concentration estimate 
ie to be calculated. 
[70] Isopleth Conce~tration 1, ppbv 
Lo~est value of desired pollutar.t 
concentration isopleth, for example 4 
ppbv. 
[71] Isopleth Concentration 2, ppbv 
The next desired pollutant 
concentration isopleth, for 
example e ppbv. 
[72) Isopleth Concentration 3, ppbv 
The next desired pollutant 
concentration isopleth, for example 12 
ppbv. 
[73] Isopleth Concentration 4, ppbv 
The next de8ired pollutant 
concentration isopleth, for 
example 16 ppbv. 
[74] Isopleth Concentration 5, ppbv 
The next desired pollutant 
concentration isopleth, for example 20 
.ppbv. 
[75] Isopleth Concentration 6, 
The next desired 
concentration isopleth, 
ppbv. 
ppbv" 
pollutant 
example 24 
[76] Isopleth Concentration 7, ppbv 
The next desired pollutan~ 
concentration i&opleth, for example 28 
ppbv. 
(77) Isopleth Concentration B, ppbv 
The next desired pollutant 
concentration isopleth, for example 32 
ppbv. 
[78] Isopleth Concentration 9, ppbv 
The next desired pollutant 
concentration isopleth, for example 36 
ppbv. 
[79) Isopleth Concentration 10, ppbv 
Bighest value of desired pollutant 
concentration isopleth, for example 40 
ppbv. 
INPUT PARAMETER LIST 80 THROUGH 81 
MADAM Vall•y and Bluff Applications 
~he Valley and Bluff MADAM applications are 
used when the valley or bluff aides impede 
plume horizontal dispersion. ~he Valley 
width or the 
, 11 
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~istanee to the Bluff from the 
line are input parameters 
.!!pplication.s. 
plume center 
for these 
INDE>. 
reo] 
[81] 
JNFUT FlRA~ETER5 eo At:D 81 V~LLEY 
h1DTB AKC bLUff DlS!h~CE 
~hDh~ JNP~T PhRA~ETER 
-------
Dista""lce !.::rosE Valley , mj 
Di~ta~ce acroE.s the valley along ~hich 
the plu~e path follows. 
Distance To Eluff, ~i 
Distance from plume path center line 
to the Bluff. 
l~FU7 F~~h~£TE~ LIST 82 TH~OUGH BE 
E~timation of Errore 
MADAM D1spers10n Est1mates 
All of the air dispersion estimates made by 
MADAM are accompanied by a •1- value. 
This value is a calculation of the 68\ 
probability, assuming random and normally 
distributed errors, that the MADAM estimate 
lies bet~een those +/-bounds. Percentage 
uncertainties are user inputs for the 
following dispersion variables: 
INPUT PARAMETERS 82 THROUGH 86 
ASSIGNMENT OF PARAMETER UNCERTAINTIES 
INDEX ~ ~ PARAMETER 
[82) Source Pollutant Emission Rate 
Uncertainty, decimal 
Percentage error estimate of 
uncertainty in the pollutant 
emission rate. 
[83) Wind Speed Uncertainty, decimal 
Percentage error estimate of the 
uncertainty in tp~ reference wind 
apeed. 
[84] Horizontal Dispersion Coefficient 
Uncertainty, decimal 
Percentage error estimate of the 
uncertainty in the horizontal 
dispersion coefficient Sigma y. 
[85] Vertical Dispersion Coefficient 
Uncertainty, decimal 
Percentage error estimate of the 
uncertainty in the vertical 
dis~raion coefficient Sigma z. 
[86) Plume Rise Height Uncertainty, decimal 
Percentage error estimate of the 
uncertainty in the plume riee 
height estimate. 
USEF< PROMPT FOP. NEW OR OLD INPUT FILE NAME 
Vpon completing the change~ desired to the 
M.t..DA~ input parameters, a menu will appear 
requestin; a ne~ file na-e cr an option for 
the changes to be storE<C ir, the original 
file. 
•••••••••••••••••••••••••••••••••••••• 
EITHER ENTER NE~ <FlLEK~~E> AND PRESS 
RET~R~ FOF NE~ []ff FILE 
OR ENTEr< <F>inished FO~ PAR~~ETE~ DlSK 
FILE IN ORlGl"J..L FlLE~~fo',E 
•••••••••••••••••••••••••••••••••••••• 
If the \Jser desireE to Etore input 
parameter changeE under the original 
file name then select <F>inished. For a 
new file name enter the new file name 
then <RETURN>. The file name convention 
allows 8 letters followed by a 3 letter 
prefix (for e)(ample, POWERPL'f.IP'l') If 
the input file was entered ~anually, then 
the prompt will only incl\Jde a request 
for a file name. 
EMISSION SOURCE TYPE SELECTION 
The user is asked to select either 
<S>team, cC>ooling Towers or cO>ther from 
the liet of Emission SoYrces. 
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•••••••••••••••••••••••••••••••••••••• 
PLUME RISE CALCULATIONS 
SEL~CT DESIRED CAS~ . 
•••••••••••••••••••••••••••••••••••••• 
SELECT TYPE OF EMISSION SOURCE 
ENTER CO~MAND 
<S>team, <C>ooling ~ower, <O>ther Source 
• ••••••••••••••••••••••••••••••••••••• 
ATMOSPHERIC STABILITY SELECTION 
~he user ia requested to choose the 
Paequil Atmospheric Stability Class A 
through G. The atmospheric stability 
classes ere described by typical examples 
of temperat\Jre profiles aloft and typical 
horizontal wind direction standard 
deviation, Sigma. A typical day will 
begin with stable conditione in the early 
aorning followed by neutral in mid 
morning then unstable through late 
afternoon. Neutral will again occur in 
the early evening with increasing more 
etabile conditione throughout the night. 
'J'he relationship between weather 
con~itiona and stability classification 
are described in the following: 
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RELATIONSHIP OF ATMOSPHERIC SlAEILITY CLASSES TO WEATHE~ CONLlTlONE 
CLA55 CLl,$5 
A - E~tre~ely Un!teble C~ndition! D- ~e~tra) CcnCitions • 
E- - r.::.~r<::".t~) L~.!:~ct.:lE: Ccn::~~i:r,s 
C - Sllghtly Un~table Conditions 
S·...Jrface to;ind 
~ fT11'r 
< .;.s 
<.5 
9.0 
l3 
) 13 
Daytime Sunlight 
Stron~ Moderate Slicht 
• ~.-B E 
·-E E c 
B B-C c 
c c-o D 
c D D 
~ - !.lir.:]y 5:a~~E: Ccn~;tlc~s 
f - Moderately Stable Con~itions 
C- EJtremely Stet}E' Conditions 
Nighttime Conditions 
ClouC Cover•• 
>. ~ -;-m Clear 
[ F G 
[ F G 
D E F 
D D E 
D D D 
• Applicable to heavy overcast and ~arine intrusion, day or night 
•• Cloudineee ie defined es that fraction of the eKy above the 
local horizon which ie covered by clouds. 
The aelection ie ~ade by the user cf • stability class <A> through <G> 
fro~ the follo~ing menu: 
ATMOSPHERIC STABILITY CLASSIFICATION 
SELECT DESIRED CLASS 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
ENTER COMMAND - Select At~noapheric Stability Cl•sai f ic:a tion 
Atmospheric Stability Typical Temperature Gradient trind Sigma 
Class c I 100 " F I 1000 ft Degrees 
- - <A> £xtremely Onetable < 
-
1.9 < 
-
17.5 25 
<B> Moderately Unstable 1.9 to 
·-
1.7 10.4 to 
·-
9.3 20 
<C> Slightly Unstable 1.7 to 
·-
1.5 9.3 to <- 8.2 15 
<D> Nel.ltral 1.5 to ,_ 0.5 
-
8.2 to <- 2.7 10 
<£> Slightly Stable 
-
0.5 to < 1.5 2.7 to < 8.2 5 
< F> Moderately Stable 1.5 to < 4.0 8.2 to < 22 2.5 
<G> Extremely Stable ) c 4.0 ) c 22 < 2.5 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• • 
~ADAM REPORT SELECTIONS 
MADAM ~tput Reporting Selection Menu 
~he <S>c:reen selection refers to reporting 
reaulte on the compl.lter console only with 
no recorded record. The cP>rinter 
aelection ellowe e hard copy to be printed 
i~me~ietely. The ct>ext File option vritee 
reeulte to en ASCII tHek file for later 
printing or word processing. The Text file 
option ie followed by e prompt requesting a 
file naJDe. ,.he Printer end Text file 
options report ell reeulte eleo to the 
COWiputer conaole. 2'he Printer •nd '!'ext 
~ile ~ptions both record the MADAM input 
~remetere ee well as the MADAM res~lts. 
After ~he ~eer aelects the ~eeired ~ode of 
reporting, MADA~ vill proceed with the 
report. 
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•••••••••••••••••••••••••••••••••••••• 
SELECT DESIRED MODE FOR MADAM OUTPUT 
tNTER COMMAND - OUTPUT ~0 cS>creen, 
cP)rinter, CT>ext File 
•••••••••••••••••••••••••••••••••••••• 
MADAM PL~E RISE REPORT 
~he plume riee report liate the type ~f 
er.iaeion eource en~ the etebility 
condition. 2'he buoyancy plume riee 111 
lieted above ground level. Additional 
plu~ne rise occure ~ue to the heat of 
condens~tion from aoiature end ie lieted aa 
e percent. The jet effect of the released 
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e~:ission source is listed as the momentum 
plume risE-. The condition~ eloft \Jhich are 
cclculate= frorr th~ surface referencE 
conCitlon~ are lifteC e~ the average '"'inC 
fpeet ~nd te~perature aloft. Tt1e re!erenc~ 
~;r.~ t;tt~ br,j ter~tr~tur~ bre ~~E~ llEt~t. 
M~OA~ CASE SE~£2710~ 
Selectio~ o! the desired MADA~ application 
ca~e d12~E' ... dt: Ur'cr. the top~orapl-.ical terrain 
featureE. ~ne <G)e~erel-case is in~endeC 
for 9ently rclling and flat topograph)' or 
for cases ~here the plume follo~f the 
terrain features. The <C>ompleK Terrain 
case is intended for ~ou~teinouE terrain 
where pluMe impingement may occur. The 
<V>alley case lS 1nten6ed for Sltuetions 
'"'here the vallE-y sides impede plume 
diEpersion. The <B>luf! case is intended 
for case~ ~here a bluff impedes plume 
dispersior.. The c:F>urr.ige.tion case is 
intended for eituations wt.ere pollutants 
disperse into ~table air end then are later 
~ixed to the Eurface receptors. 
~~OA~ REPORT LENGTH 
The user may select frorr. the MADAM 
reporting selection menu an <A>bstract 
sumffi~ry or <F>ull report on each of the 10 
receptor locations. 
~ADAM <F>ull reporting output lists the 
Receptor distance along the plume transport 
-""Path and the pollutant concentration above 
ambient in ug/~··3 which is then converted, 
using the Receptors elevation and 
temperature, to ppbv. Rourly conversions 
are listed where the MADAM !e\o' minute 
average is multiplied by 0.61 to 
convert to an hourly average. The 
remaining details of the estimate include 
the receptor elevation, the inver.tSion 
height, the distance' 'frorr. the receptor 
along a normal line to the plume path, the 
height at ~hich the pollutant concentration 
was calculated, the stack level "'ind epe-ed 
and the Gaussian di&persion coefficients 
Sigma Y and Sigma z. 
An <A~bstracted hourly summary reporting ie 
available to the user who does not want ell 
of the information contained in full 
reporting. 
If longer averaging times ere desired, the 
concentration estimates of MkOAY. may be 
~ultiplied by the following: 
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~VERAG!~G !l~E VERSUS ~ADAM ESTIMATES 
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I".: .. 'L':!F:..'f ~.lTA~. 
t~TI~A'TE EY 
l.G 
C. E 2 
0.6] 
c. 5) 
C.3E 
Note: 
ha\'~ 
Hourly averages reported by MADA~ 
bee~ obtained by m~ltiplying by C.€). 
MADA~ POLLU~lOK CON:ENTRATION E~TIMATES 
lSOPLETHS 
Th~ os~r has the choice of c:G>eneral or 
cC,orq:JE'x '!errair. isot:Jetr.s of 
concentration, or ct;>o for pro;:ra- E>nC. 
Each of ten locations are reported from 
which ieopleths of the eele=ted hourly ppbv 
concentrationE may b~ plotted. Eac~ of the 
10 locations, 0.25, 0.50, 1.0, 1.5, 2.0, 
2.5, 3.0, 4.0, 5.0 er..d €.0 rr.i, arE' 
reported eeparately. The isopleth report 
liata the height et vhich estimates were 
calculated as 32.8 ft (10m) above the 
surface. The plume center line hourly 
concentration, above ambient, at thie 
height is lieted in ppbv. ~he horizontal 
distance normal to the plume "Centerline 
out to the desired isopleth is listed for 
ten user selected interval6 6Uch •~ fro~ 4 
to 40 ppbv. 
From the isopleth report of the ttn 
locations along the plume path, the user 
can plot the distance normal to the plume 
path center line out to each desired 
concentration isopleth. Interconnection of 
these points for ee~h of the selected 
hourly above ambient concentrations 
produces en isopleth for each desired 
coneentra tion. 
CONCLUSION 
~his concludes the condensed summary of 
MADAM features. We encourage ell 
interested parties to obtain a copy end use 
the Jnethodology to eesiet therr. in their 
air quality impact assessment needs. 
All those interested in e training seminar 
on ~ADAM which "'ill be con~ucted late 
aummer or early fall are encouraged to 
contact GODDARD 5 GODDARD ENGINEERING. 
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KSB WELL VENTING HEALTH COMPLAINTS AND SYMPTOMS DATA 
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B!..a bland llainto;. .. t Action Group ,';, Pr1ntecl ~oncl dhtrl'butecS 
' .urveya in t~ oom&unltiea a!teoted and 
oolllct•d ooa~letecl fo~•• 
Colle•" Mandala .•. Pahoa latural rJode --circulated a health 
aurviT ooapll•d b7 a cedioal doctor and 
oollaoted raapoa••• fro• ar1a r•eida~t• 
lapobo Coaaunitr ••aooiatlon ... capp•d location• of affect•cl 
· rea1d•nta troa health eurveya 
plotted po••ible wine! flow 
collated health aurveya tnto atatiatical 
data tor ••ch aubd1v1a1on or area 
tcpaotacl 
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HEAl.. TH 9JRVE: V 8l..IMHAR V FROM Ell RAil ANC PAHOA EKPDRI~ OUE:GTIONAAIRE5 FOR 
kB-B 'BLCWOJT Dli' JUNE 12 1 1'99.1.. 
copr Np, iYipiVI§lQN NAM£ NO.OF FQFIM!i 
' 
t"Uu HonuauJa • 2 L.anlpl.ma 12 
:s ~ohc1k1 lay Eetat••• L.a1la,1 ;J7 
• Op1~!kao Ho~eataad• 12 II P'uPia Palisade• 3 , Kwhena 4 
7 Ka1epana eaav1ww Eatatee 
" a llack Banda lubd!via1an • 
' 
Upper kaimu Ho~••t•ade 1 
10 K•~•!li Homeateada 4 
11 k•ahe :s 
12 Aift&IDII, DI'C: IIU!I&nd 2 
13 Ha .. atlan llcree 2 
14 Hawaiian ~aradt•• Park • a Hawaiian leacllea 1 Haooa11&n B~orea 2 
16 ~a~aa 1 Nanawale 
' 17 Ka.poho 7 
1 2 3 4 8 , 
' 
8 • 10 11 13 1:1 14 Ul 16 17 
-Odor of lui fur 4 11 29 u 2 4 
' 
D 1 4 2 1 3 1 
' • L.o&• of Bma11/Tastw 2 3 1 
Eye ll'r.l.tetion 
' 
10 26 • 3 4 1 1 3 1 4 2 4 2 Non ll'l"lt.atiOM 1 • .. 1 1 1 2 2 1 2 Thi'OA't lrl'itat!an 
' 
10 19 7 .1. :s 7 2 4 ll 1 1 4 2 
"' 
3 
Trouble Br•alhin~ ll 1111 • z ' 
2 2 2 1 2 3 2 
Couah~n~ Wheeain~ 2 IIU 1 1 1 2 1 
Hypere~cltabilitv 2 1 2 .1. 
r .. aOIIIn.l.al 1 • • 2 1 1 1 2 1 l 1 2 Tl'ouble llwep.l.n; 
Headaches 
" 
• 27 10 3 2 .. 4 ll 3 1 2 4 1 e 4 (;;&I'&Chi!S 2 1 4 1 1 l 1 2 
DhUnese e 6 141 3 1 AI 1 1 2 • • lo&a of B&lanc•l 1 II 1 
lta;Q•1'1ng 1 
w ..akne•• 1 :s • 1 1 1 1 fla•hiSkln lrr"StaUon II 2 , 2 1 1 1 1 1 
' 
1 1 
Hair loaa 2 
Joint ar" Muscle Pain ll 1!1 1 1 1 
' Nau••• 2 4 7 1 1 1 1 2 2 2 
Upset lito .. ar:h 1 II • ' 
1 2 
' 
2 1 1 1 1 II 
Vold.Ung 1 2 :s 1 1 1 1 
DJ.arrhe& 2 6 1 1 1 
laaa af Appet.lte 1 2 II 
' 
1 1 1 
... i;kt Lass 1 2 1 1 
Law ~lood ~r•aaure 
""d•ty 2 • 13 2 1 2 .1. 1 1 2 Pan.i.c: Attac:ka 2 1 7' 2 2 1 1 
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L~t.r'\ArctiJy/NO l:.nergy/ 1 3 e 1 1 1 1 2 1 
Siuogish 
Htrart Pelpitatlon"' 1 1 2 1 
C 1'-es t P•ins 1 1 6 1 1 
Shortnr>ss of Breath 1 1 7 l 1 1 1 1 
5~iZU~"'~5 1 
Coug .. ·dnQ up Blood 1 
Ill cod in Urine/Stool 1 1 1 
Sulfur Odor- in Urinw 
/Stool 1 1 
Irr.,gular Men5is 1 1 3 1 
F•v•r 1 1 1 
Mucou• 1 2 
Medical Carw 1 3 3 1 1 1 1 
Heard venting nci5e 4 B 20 12 2 3 e 6 1 4 2 2 1 2 1 e 3 
Noise irrit•ting 
"' 
e 20 11 2 2 B 6 1 
"' 
2 2 1 2 1 7 2 
Wat"r c•tt:hment 4 20 12 2 .. e 6 1 .. 2 2 1 2 3 4 
Fallout on roof 2 3 6 2 1 1 2 1 1 4 1 
Car d•ma.o• 2 1 1 1 
Animals/Plants 
"' 
4 6 2 1 
OTHER COMMENTS: 
Nightmar~s (Opihikao, Nanawale 
Gr-ay spot~ on clothing in Lailani on 6/13 12o30 pm 
Two ~eeks cf illness ~ro~ dri~ing by pl•n~ ~•ice in on• day. 
One child had f"ver- and numb right side (leg L ar-m). Nohea St. 
WhRn"v"r husband smells sulfur- he vomits. Was wor-se with HGPA leaks. 
F"el weak a lot. Mohala St. 
D~ad bir-d, dying butterfli"s (Nanawale 
Birds left. Opihikao 
No offit:1als able to tell about affact on water- catchment. Came hom" on 
6/16. Hookupu St. · 
Av,rege SO dba for 30 hour-s. Pohoiki Bay Estates 
Dogs howling all night. Nohe• St. 
1 can't believ~ th•t Pun• 1e in Am•rica. Le11•ni Av~. 
Chitk.,ns •t•gg~ring. P~u Honuaula 
Eye ln~~cticns, •~tr•m• f•ar/ectinQ cr•zy. Animal• vomiting •nd Acting 
w•ird. Puu Honuaula 
Vomit, diarrh"•· black fRee~, eyes •h~t tight with mucuous. ~uppy·• 
stool bloody and proj•ctile, diad by •nd of day. Dur-ing abeted v•nt 
fRlt •luggi•h 1 drifting off, not concafltratingl mouth feels atr-ange, 
taste is gone, gel li;ht thr-oaty cough, stomet:h feels floaty (maybe 
vomit, ~•ybe notl, caustic •oda •mell can give a headache 1n 
minutes. Hinalo St. 
Swollen and acre glands in throat Ahd ar-m pits~ year old child. Hinalo 
D~p.-~~~ion, crying over 24 houra. Dogs lethargic, not eating. Still 
have a feeling of fear and no p•ace 1n o~r own hom•· Hinalo St 
u
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APPENDIX C 
OPERATIONAL MANAGEMENT OF AIR RESOURCES 
(OMAR) 
Page C-1 
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).!F, OUJ.L!TY CO~FLIAJ::£ lt-:FF'.OVE~EHTS 7EF.Ol.!GE 
OFEf..J.'TlOhJ.:.. t"J.r.;J..GEY.Eh''J OF J..lf. f..E50~f.C£S: (Ot-'J.f.J 
\tlilsc.;, b. GoC:dcrC., Pt •. D. (ll ar • .:! cr.ristlne E. GodC.crC., Y..J.. (~) 
(]) C~i~f ftSf8tC~ E~~~n~er E~~ F~~~cj~c: 
(.;.! I.:-.v;.:rcr.rtr.taj. f:..c.:-.r.e:r ar.C rr::.r.::ipal, bott. cf 
Goddard & G~dd~rd Encinee:rin~ - r~v1ro~re~tal ~t~~ie~ -
£~7(' Frcr.:a;t f.cc::. L,;ce-:-:.~. CJ.. S~'~t-t:C-'. (7C7l ::7,-,:::7~ 
.AbSTRACT 
Ge-c:htrr~~ ~ell fields a~C powEr ~1£~ts 
re~uire ope:rat1onal and e~.ergency at~os­
pheric v~nting. Venting activities are 
~cnitor~d for co~pliance with regulations 
which li~it air pollutant e~issions and 
Ar..t.ient Air Quality Standards (AJ..QSI. 
Continuous co~pliance: ~onitoring data 
w~ich includ~s hydrogen sulfidE (~2S) 
l~v~ls an~ ~.~teorological conditions is 
only availaPle &onths after being core-
~iled. 
An auto~eted computerized syste~ called 
OY~R is described in the following which 
checks data and allows users access to 
real-ti~e and near real-time data reports. 
"I·he data can then be u.sed for zr.anaging 
necessary venting or other real-ti~e data 
-needs. 
The OM'-.P. syster.. hardware and software is 
described and is in use at The Geysers and 
at the Coso KGRJ.. geotherll',al developments 
in California. The system has been de-
signed to assist developers, engineers, 
scientists, and the local air districts in 
their goal of maintaining ambient air 
quality within Federa). ,• State and Local 
standards. 
INTRODUCTION 
In the spring of 1987, Goddard~ Goddard 
Engineering (G&GE) proposed the project 
termed OMAR which would develop an auto-
~ated co~puterized syste~ to check real-
time data and ••ke available to u.sers Dear 
real-ti~e data reports. It ~as proposed 
that the OMAR project be ~anaged by the 
Lake County Air Quality Hanagerr.ent Dis-
trict (LCAQMD) and funded by the Califor-
nia Energy Commission's ICEC) Ceother~al 
grant progran-.. A forznal contract vas 
signed by G'GE on May 23, 1988 to begin 
~ork on the project. 
A similar O~~R projPct was proposed ~o the 
California Energy Co~pany. Inc. (CECI) in 
the spring of 1988 and final approval was 
given in ~ovember 1989 for the syste~ 
desigr. and de~loy:ent. 
Th~ goal of the res~arc~ a~~ dav&lc~~e:nt 
~rcJe:Ct "'as tc.. a~to:-c.tt: \.i~t c! a:.r c;;~allty 
ar.: rt.tt~crc..:tc;:.ce: fi:t.!"c:-etr:..cl c~::;.llar.ce: 
monitoring data whic:1 would then be avail-
able for zr,anaging necessary geott.errr.al 
venting operations at Th~ Geysers and at 
the Coso develop~ents. Partlcipating 
parties included the LCAQH::.., CEC:l, CE(:, 
the Northern Sono~a County Air Pollution 
Ccr.trol District (NSCAPCD). end the Creat 
Basin Unified Air Pollutior. Control Dis-
trict (CBUAPCO). Auto~ated co~puter 
access has been or :u; plar.r.ed at 
LCAQMD, NSCAPCD, GEUAPCD and at the CECI 
Coso Division headt;l.:.arters (Goddard, 19~9). 
While industry bas carried the financial 
costs of these necessary corr.~liance 
B'.or.i toring programs, t.he data has not been 
available in real or near real-ti~e. Data 
reports have only been available on a 
quarterly basis after ~onths of data 
auditing and passing thorough quality 
assurance stanCards (QAl. Wt.ile QJ.. proce-
dures are necessary, this has not allowed 
real-ti~e access to these dat~. 
The O~~R project has res~lteC in allowing 
users access to the corr.pliar.ce Jr,or,i toring 
data for use in ~anagin; activities which 
include necessary venting, planr,ing 
operations and construction work anC 
specialized atudies which require these 
data. 
OllAR $YSTEt1 DESIGN AND OPERATIO~ 
An organizational diagraw. of O!" •. U. is shown 
in Figure 1. Aero~etric aensor5 including 
wind speed, wind direction, air te~pera­
ture and humidity. precipitation and H2S 
concentration are ~onitored by Ca~pbell 
Scientific Inc. (CSI) data loggers. The 
CSl data logger& can record up to S aonths 
of data unattended. The CSI data loggers 
are prograrr.ed to collect 3 a:inute peaks. 
Sig~a (standard deviation of wind direc-
tion), hourly averages and running totals 
for precipitation. 
,,21 
The CSI data loggers are accessed via 
K~ode:c-.s through telephone lines and radi-o 
telew.etry. The loggers are prograJTied to 
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auto~atically send an out-of-ran~~ alar~ 
~ate rE-ports to tt.e rer".ote Ot".J..f. cc-r.JOuter 
lf the 3 n~~ute peak H2E cc~centratio~ 
exceeds a decision threshold criteria 
lnor1~ally 2C p'~) .. 
Access to the CSI data loggers is lnitiat-
ed frcr: tt.e rer..cte 0/"'J..F. cc:-p<.~ter at a 
!.r.c:t ~r,tE:v;;J. (r.-::-:.r.a'l}y l t.c~:-). c1 L~::::-. 
re-ce1;:,t of a:. Oi..ot-cf rat.Q'E alari! re~ort 
fro~ cne C.Sl ~c:-.:itcrir.~ s::.te or bJ· 8 local 
c:--.J.~ cc:-:;t:tc~ wst:r£. 
OKAR Hardware and Software Descriptio~ 
'l'IH· n.ain ele::-.er.ts of the Ot"J..F. t.ard...-a.re and 
Ecftware cc~pone~ts are Ehc~n in F1gt:re 2. 
lbK_Ja6 co:-patible corputers w~ic~ operate 
rellat.ly lr. a tru~ nt:ltl-tasY.lrjc rr.odt: are: 
used for local and th~ ren.ote coir.puter 6 • 
The re~ote co~puter is installed near 
e~ough to the CSI aerom~tric ~onitoring 
Sltes that efficie~t and cost effective 
frequent cor..JT.unication car. be obteineci. 
T~e re~ote co~puter is eq~ipped with a CSI 
clock-SIC and power-up board which turns 
the eorr.puter off an~ ther, on again (cold 
boots l. ir. cases where the corr.puter hangs-
up or 1n cases where comr..1.mication links 
becorr.e tied-up. This hard\o·are/software 
equipment is necessary where corr.puters run 
remotely to avoid ~anual restarts. 
Each participating O~~R ~ser ~ust have a 
dedicated local computer (or one with 
aulti-~askin~ capabilities) wh1ch is IBM 
compat1ble. 'l'he local multi-tasking 
function allows the user to use the corr.-
puter for running their general purpose 
~ro~rarr,s while the OMAR programs operate 
1n the background. 
The software used for this purpose is 
Quarter Deck's Desqview{l). Desqview can 
have as R!any as 9 proOr'arr.s all running at 
once depending on aemory size. Procor..r.. ( 2) 
is used by both the reznote and local 
con.put.ers to automatically telecorununi-
cate. Two CSI progr.ams 'l'elcozr.(3) and 
SplitiJ), ere used ti~ing, coordination 
and data processing. Quatrol•), a 5pread-
sheet prograr. by Berland International, is 
used for data graphical display. Several 
progra~r.s which check data and coordinate 
activities where develope~ for OHAR. A 
site-specific version of MADAM is used for 
the air dispersion assessments (Goddard, 
1568). 
Functions cf the Remote O~~R Co~puter 
The remote OMAR co~r.puter serves as a 
re:rnote node Nith cotr.r..unication links to 
each CSI data logger ~onitoring site and 
with a cozr.rr.unication link to the local 
OMAR computer users. 'l'ht functions of the 
re:rnote Ot"..AF.. cott.puter are shown in Figure 
3. 
The re~ote functions include receiving 
out-of-rauge alarr. reports fror. the CSI 
~onitorin~ ~ites, cc~~ilin~ out-of-ra~Q~ 
elarr. reports, arctivin~ short terr. 
(r,o:-:j.:-,aJ.ly l hc~rl near real-tirr.e d~ta 
report~ a~d arc~;vi~c r.cnltoriL; da~~ in 
report for~. When data is found to be 
cut-cf-ranc~ a~ alarr re~crt is in~~d:ate­
ly se;,t tc r;-a::. lc:e:.: Ot'J.r_ cc·:-:.;uter. 
Tt.~ re:-:cte m-'J,.~. cc~;...:te-r. u;.o:-: rece:vir,t; 
er. CSl loQQEcf alarr: Cat a re;.::.rt, a..;to:-:c.ti-
cc.lly ir.i tiates a prograr. wt.ict. acct-~se:s 
ell tt.e Ot'.J..P. CSI sites anc! pe:rfcrrr.s ar. 
out-of-range data check. If the check 
finds data out-of-range (no~inally 15 ppb 
15 !I' ir.ute a\-·erace-) , tt,e rer.cu- Ot-'J..F- cor:.-
p~ter a~to~a:ically sec~c!~ a~ out-cf-ran~e: 
alarn. report to the local Ot-'..Af. corr.p\.:ters. 
The re~ote coxputer automatically polls 
(calls) each CSI ~onitorinc site each hour 
(noxinally) and do~nloads the lest hour's 
data fro~ eact sit£. A~ out-of-range data 
check i6 ~ade and the data is archived in 
a short te:r~ report and in a long tern 
data archive. 
Once a day a 24-hour data su~ary is sent 
to each local OMAR computer. These sum-
•arie& are used to assist in maintaining 
quality assurance, increased data capture 
rates and for general operational needs. 
Vpon receipt of a corur.and from the local 
OMAR co~puter, the latest near real-time 
data report is sent to the local corr.puter. 
Long tenr. data archives are sent to the 
local OMAR cor..puter when rec;~;uested. 
Local OMJ..R Corr.puter Functions 
The local OMAR znul ti -tasking co~r.puters can 
be used to run general purpose programs as 
well a& running OY..AR programs in the 
background. 'l'he OMAR functions are shown 
in Fig-ure 4. Programs autorr.atically 
answer incoming calls frotr. the reznote OMAR 
con.puter to receive data reports, alarzr. 
report& (which beep on receipt) ana long 
tenr. archived data reports. On comn.and 
programs display nurr.erical and graphical 
data reports and perfortt. air dispersion 
assessn.ents. 
OMAR Air Dispersion Assessments 
Each OHAR installation has been designed 
to sonitor conditions at and near recep-
tors of concern an~ at sites of ~eteoro­
logical interest. The system design pro-
1122 
vides the necessary near real-ti~e data 
needed to run air dispersion assess~ents 
for emission sources of concern. 
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Rid~e top and/or ~ountain top stations are 
used to deter~ine the state of at~ospheric 
st~bility, thE presEnc~ of ~arin~ air 
intrusion and/cr subs1de~ce capping ten-
~tr~ture inversio~s. A station c~ the 
~~yac~2s M~~~tal~ ri~9~ at 7~e Geysers a~~ 
e stat1o~ on top of Sugar Loaf ~cuntain at 
Coso are used fer this p~rpose. 
~ne~ a user re~~ests ar. a1r ~1spers1cn 
assess:-e-r.t frcr tt.E: local O!".J..f ccr;"..ltt:r, 
tt.t flrst c;e:atlc~ that is perfcr~e~ ls 
the retrieval of the latest near real-tine 
data report fror. tt.e rer.c..te Ot"J..F. corr.puter. 
The data is theL processe~ to deter~ine 
the ~resent ~etecrological cond1tions and 
w~ether geed or peer a~r ~is~ersicL ccn~l­
tior,s exist. 
The user enters the location of the nece&-
sary venting operations in UTM coordi-
nates, th~ elevation and the typf of 
Effiission source. The OMA~ air dispersion 
progran will then esti~ate th~ incre~ental 
irnpact of ttje ventin; above arr.bient con-
centrations of H2S and the cu~ulative 
impact base on the ~onitore~ ambient H2S 
levels. 
The user can run several venting scenarios 
including decreases in existing venting 
frorr. bleeding or testing wells, or other 
err.ission sources. While users ~ust obtain 
local air district perrr.ission to surpass 
venting eir.ission lizr,its, they can use 0!-'J...R 
. as a zr,anageJr,ent tool in demonstrating that 
~enting will not result in substantial 
increased H2S levels. 
OM~R will assist in avoiding poor air 
dispersion i~pacts when e~ergency venting 
break-downs occur. Users can imrr.ediately 
detern.ine what the ar..bient levels of H2S 
are and reduce venting of ~anageable 
emissions so that i~pa~ts are maintained 
well below AAQS. 
SUM~~RY AND CONCLUSIONS 
'l'he OMJ..R systen-. allows access in real-tiJne 
to corr.pliance snonitoring data for use in 
making a-.anagement decisions concerning 
necessary geother~al venting operations. 
'Ihe real or near real-tin,e data is coupled 
to site specific co~plex terrain air 
dispersion ~odels to yield i~pact assess-
~ents. The venting irnpact assessments 
allow various venting scenarios to be 
evaluated using actual near real-time air 
quality and aeteorological data. 
Decreased arr~ient air quality throughout 
~he ~orld especially near urban centers 
has led to agencies increasing the puni-
tive penalties for exceeding emission 
lin-.its and/or exceeding AAQS. The Cali-
fornia Clean Air Act ~andates three year 
attainment (no exceed of an AAQS) before 
conferring attainment status. ~on-attain-
Goddard, W.B. and C.~. Goddard 
~e~t areas ttust provide air quality i~pact 
offsets which ~ay not be evailaLle a~d ar~ 
al~ays expensiv~. 
G~othern.al enercY has prove~ itself tc k~ 
~~v~rc~~~~tal ccrpatitl~. T~~ Q~ot~~rra! 
industry in California has prov£n its 
atility tc operate co~petitlV£1Y witti~ 
tt.e- ~tr:..r.;rr-.t r.:.~ cu:-~ c! ': u~/r2 (C·.C.3 
pp:r.) ar.6 Ot-'J.F". e;.t,ances t!.l.S ablllty. 
F.EFEf.EJ~:ES 
Goddard, ~-~- and C.B. GoCCard, Oct l9£S 
Us~ of ~equired Air Co~;liance ~~ni­
toring for ManagEwent of Necessary 
v~ntinc - a Project Initiated at 7~~ 
G~ysers - A~~licatio&s a~d Devtlo~­
~ent cf Op~rational ~~naQ~~ent cf Air 
Resources (OMJ.R). Geotherzr,al I.e-
sources Council. TRANSACTIONS Vol 13 
Davis, CA 
Goddard, w.B. and C.B. Goddard, Oct l9E7 
~iero~eteorological Air Dispersion 
Assessn,ent ~ett.odolo;y (t-'.J..DA.Y.l, A 
Ceother~al Air Quality I~pact Assess-
~ent Toolbox Available As Shareware, 
G~other~al Resources Council, TRANS-
ACTIONS, Vol. 11. Davis, CA 
);ote: 
(1) Desqview is a product of Ouarter Deck 
Office Systems. Santa Monica, CA 
(2) Proco:mJi, is a product of Datastorzn 
Technologies, Colunbia. ~o 
(3) Telcorn and Split are products of 
Carr.pbell Scientific, Logan VT 
(4) Quatro is a product of Borland Inter-
national, Scotts Valley, CA 
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• 
GODDARD & GODDARD ENGINEERING- ENVIRONMENTAL STUDIES Page C-5 
Goddard, W.B. and C.B. Goddard 
! OMAR ORGANIZATION AND USERS 
' 
Of.~AR HARDWARE AND SOFTWARE 
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FIGURE l: OMAR ORGANIZATION AND USERS FIGURE 2: OMAR HARDWARE AND SOFTWARE 
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~ECEII'ES ~E.A!_·TI~!E OUT-O'·f'.A~:;~ Al.t.GI.' 
1.1;: NEI.t; RL<.!_-m•' D'-1 A ~EPOfiT; 
fROI,O [IIYifiON~ENTI..!_ I.'::>NrTORING SrTES 
PERFO~MS OUT-OF-RANGE DATA CHECKS 
AND ARCHIVES NUR REAL·Tit.'.E DATA 
(SENDS OUT-OF-RANGE A:.AR ... DATA REPORTS I I AND DAILY DATA SUMMARY REPORTS I 
·, 
SENDS ON REQUEST NEAR REAL·TIME DATA 
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lOCAl MULTI·TASKit,::; Oll.AR 
COf.~PUTEf\ FUN:::TIOIIS 
f\Jt;~ USEF. PF.O~~·.·s It-\ FQr:;.£GF::J:.J!~J JJ\:; 
OJ,'..L.~ PMOGF-. ..:..1.'~ lt1 c.:_:,,c,::,:JJr.~ 
5E£PS A.';' POSTS RECl:~l OF 
OUT-OF -RA~:.E I-U.8h' OAH REPORTS 
ANO!OR DAILY DATA SUMMARY REPORTS 
ON USER REQUEST 
RECEIVES ARCH:I'ED DATA REPOP.TS 
RECEIVES NUR RUL·TUH DUA REPOilTS 
RUNS NEAR RU!.·TIME AIR DISPERSIOI; 
ASSESSMENTS ON EMISSIONS OF INTEREST I 
I 
) 
FIGURE 3: REMOTE OMAR COMPUTER FUNCTIONS FIGURE •: LOCAL MULTI-TASKING O~~R 
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